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FACTOR ANALYSES OF PROSPECTIVE 
TEACHERS’ DIFFERENCES 


JOHN SCHMID, Jr.* 
Michigan State College 
East Lansing, Michigan 


SECTION I 
INTRODUCTION 


Statement of the Problem 


A large number of data-gathering devices 
are used, currently, in obtaining measures of 
the personality, achievement, personal history, 
and abilities of prospective teachers. Perhaps 
many of the obtained measures overlap in that 
they measure essentially the same traits. If 
measures overlap in part or entirely, it is ec- 
conomic from the standpoint of administration, 
educational policy, and research to determine 
the areas of overlap and accordingly reduce the 
number of measuring instruments. 

The purpose of this study was to test the ny- 
pothesis: Tests currently used in the measure- 
ment and prediction of teaching efficiency meas- 
ure only a few traits of prospective teachers; or 
restated, each test measures personal aspects 
common to other tests concomitantly used and, 
also, measures something peculiar to itself. 

‘*Test’’ is defined as any of the set of ques- 
tions, rating scales, checklists, and similar 
means for measuring a student’s skills, knowl- 
edge, or special capacities. 

Specifically, the following questions were to 
be answered: 

1. Do the Washburne Social Adjustment In- 
ventory, Mooney Problem Check List, andthein 
subtest sections, and certain scales of the Min- 
nesota Multiphasic Personality Inventory meas- 
ure similar personality dimensions? 

2. If a few common factors underlie these 
measures of personality, can meaningful inter- 
pretation be made of these factors? 

3. Do these factors underlie other measures 
Such as total and professional grade point aver- 
ages, professional judgment, and attitude tow- 
ard teaching? 

4. Do male students differ from female stu- 
dents in factor pattern? 





5. Is a Yes-response set indicative or fac- 
torially related to the practice teaching grade? 


Importance of the Problem 





With the changing sociological frontier, there 
is the realization that education is not merely an 
implement for transmitting cultural values from 
one generation to the next, but that education, 
with other institutions of society, performs its 
functions best by periodic redefinitions of its 
values. Consequently, the teacher as an impor- 
tant agent in these processes has come under 
the close scrutiny of the philosopher and the sci- 
entist. The teacher is no longer regarded just 
as tne director of the learning process, but as 
the guide to growing children and the friend and 
counselor of pupils, As a member of a group 
of professional workers, he is expected to have 
qualities that are conducive to group work. He 
also has his responsibilities as a neighbor and 
citizen in the community. 

This broadened concept of the teacher’s role 
in society poses problems of prediction, selec- 
tion, and the education of a new order. Teach- 
er education institutions have attempted to gain 
a many-sided picture of their candidates by us- 
ing a variety of measures. Grades, personal- 
ity inventories, intelligence tests, and autobi- 
ographies serve as typical sources of informa- 
tion about the prospective teacher. The inves- 
tigation, simplification, and systemization of 
these many measured aspects and qualities be- 
comes imperative. If it can be demonstrated 
that personal data are measuring a few funda- 
mental traits, problems in the general and pro- 
fessional education of teachers will be reduced. 

An immediate benefit derived from the re- 
duction of measures would be in the direction of 
a standardized vocabulary. The need for an ex- 
act and uniform vocabulary in education cannot 
be overestimated. At present, a jungle of term- 
inology confronts the educationist and obscures 
not only the purposes and aims of education but 





"The writer wishes to express his appreciation to Dr. A. S. Barr and Dr. C. W. Harris for 
their guidance and generous assistance in carrying out this study. 
287 





288 


also the application of scientific thinking to ed- 
ucation. It may be expected that as measuring 
instruments are refined, inconsistencies of ed- 
ucational terminology will be mitigated. 

Reduction of measures has other benefits. 
Not only may computational labor and time be 
Saved in the prediction of good teachers, but the 
accuracy of preaiction may beimproved. it may 
be demonstrated analytically and experimentally 
that accuracy of prediction does not improve 
with the inclusion of an increasing number of 
variables in a regression equation, but rather, 
accuracy is lost beyond a certain limit. Gutt- 
man (16:298-300) has shown that the stability of 
regression coefficients is dependent upon the 
ratio of the number of the predicting variables 
to the number of cases in the original sample 
used to develop the regression coefficients. 

Reduction snouia not pe construed to mean 
elimination of pertinent information or data, but 
rather, the identification of those components 
which, entering into many measures, are not 
easily discernible. Factor analysis may be con- 
sidered as a means of summarizing a large num- 
ber of measures in terms of a few hypothetical 
measures. 


Plan of the Study 





In order to carry out the analyses, numer- 
ical descriptions of the traits defined by the be- 
havior responses of students to various tests 
were tabulated. The tests scores of samples 
of female and male students served as the nu- 
merical descriptions of the traits. These 
scores were intercorrelated for the female and 
male groups separately. The correlation ma- 
trices were factored, and the derived paramet- 
ers were taken as defining the common factors. 
Inferences about the natures of these factors 
were made on the bases of the magnitudes of 
the coefficients defining the factors. 


SECTION I 


THEORETICAL ASPECTS OF EDUCATIONAL 
MEASUREMENT AND FACTOR ANALYSIS 


Educational and Psychological Measurement 





In order to establish the relationship be- 
tween personal traits and the mathematical 
logic of factor analysis, certain aspects of 
measurement must be examined. The question 
arises: ‘‘On what grounds may a set of scores 
obtained relative to a sample of students be 
taken as a numerical description of a specified 
trait?’’ Descriptive numbers are an implement 
for ordering phenomena. Somewhere tne gen- 
esis of these numbers occurred through what 
might be called common sense of competent 
people. In educational and psychological meas- 
urement, these people are men who through 
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experience and study have shown themselves to 
be competent in these areas. 

In order that a relationship may be establish- 
ed between a trait and set of numbers, the dic- 
tum ‘‘if a thing exists, ...it can be measured’ 
may be read in converse: ‘‘If a thing can be 
measured, it exists.’’ The first postulation 
made by competent authorities is that the spec- 
ified trait exists to varying degrees in individ- 
uals. If a sensible test can be constructed, and 
if that test educes individual differences in 
specified behavior responses as revealed by 
varying numerical scores, a one to one cor- 
respondence between the scores and varying 
degrees of the trait is inferred, and the hypoth- 
esis of the existence of the trait in varying 
amounts is accepted. The crux of psycholog- 
ical measurement lies here. The correspond- 
ence between the scores and the specified trait, 
rather than between the scores and some spur- 
ious trait, is taken as a valid relationship on 
the basis that the test was sensibly designed to 
measure the trait under investigation. The nu- 
merical scores by virtue of ordering the indiv- 
iduals serve as a description not only of the in- 
dividuals, but also the trait. Such scores do 
not indicate how much of the trait is possessed 
by individuals, but only how the individuals are 
ordered. Increasing consecutive scores do not 
necessarily represent equally increasing 
amounts of the trait, and theretore, the ordin- 
ary rules of algebra are not truly applicable to 
these numbers. Educational and psychological 
measurement has not attained that level of 
sophistication wherein a set of scores possesses 
the property of cardinality that is prerequisite 
for the application of algebraic and arithmetic 
logic. Nevertheless, numerical scores have 
been treated as cardinal numbers with some 
success. Thurstone (26:368-9) has demonstra- 
ted empirically that this deficiency does not 
prohibit the use of factorial methods in educa- 
tion and psychology when certain conditions 
are fulfilled. 

Because a varying set of numerical scores 
imply the existence of a trait to varying de- 
grees in a group of individuals, the trait or the 
corresponding set of scores frequently is re- 
ferred to as a variable. Hereafter, these terms 
will be used interchangeably. 

The property of variability in a set of scores 
may also be expressed by a single number 
called ‘‘variance.’’ Variance may be calcu- 
lated by finding the average squared differences 
between the scores and their mean. As will be 
seen later, qualifications about the variances 
of traits determine the choice of the factorial 
methods to be used in a particular study. 


Correlation 


Suppose two different tests have been de- 
signed to measure the same trait. If the two 
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tests are valid, it may be expected that they 
will rank individuals similarly: that is, an in- 
dividual who receives a high score on one test 
will receive a high score on the other test. An 
analogous process in physical measurement 
may be performed by using one ruler graduated 
in inches and another ruler graduated in centi- 
meters to co-rank lengths of table tops. If the 
tests measure different traits, it is not to be 
expected that agreement in the two sets of 
scores will occur, any more than would agree- 
ment be expected, let us say, between lengths 
and prices of men’s shoes. Conversely, if two 
sets of scores resemble each other perfectly, 
the inference may be made that the traits being 
measured or causal factors underlying these 
traits are the same. If the resemblance of the 
two sets of scores is less than perfect, the in- 
ference may be made that other causal factors 
not common to both are operating to disturb 
the perfect agreement. ; 

The degree of resemblance between two sets 
of scores, and consequently the degree of con- 
comitant variation, is described numerically 
by a coefficient of correlation. Two types of 
coefficients have been designed to indicate the 
degree of correlation: the phi-coefficient and 
the Pearson product-moment coefficient. To 
meet a variety of assumptions underlying exper- 
imentally derived data, estimates of the Pear- 
son coefficient have been formulated. Some of 
these estimates are the tetrachoric r, bi-serial 
r, and the rank correlation coefficient. In the 
remainder of this exposition, coefficient will 
mean the Pearson product-moment coefficient 
of correlation. It is calculated by finding the 
average product of paired scores expressed in 
standard units. 

It may be seen that because a coefficient nu- 
merically describes the agreement between two 
sets of scores, it may also be taken as indica- 
tive of the presence or absence of a common 
trait or common causal factor. 

If the intercorrelations of several variables 
are significantly different from zero, the 
presence of a common factor is suggested in 
all variables. Fortunately, factor analysis 
predicted upon matrix algebra makes possible 
the investigation of many correlations simul- 
taneously. Any table of numbers may be thought 
of as a matrix. Tables of numbers may be op- 
erated upon; that is, added, subtracted, multi- 
plied, and divided, according to mathematical 
rules very much in the same manner as simple 
numbers. In the following discussion, the 
reader’s knowledge of matrix algebra will be 
presumed. 


Factor Analysis 


The rationale underlying factor analysis may 
be illustrated with an analogy involving arith- 
metic numbers. If the number 5.93 has been 
obtained through measurement, it may be con- 
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sidered as factorable into 2.3 on the assump- 
tion that, as an approximate number, 5. 93 is 
not significantly different from 6. 

In factor analysis, the variables are inter- 
correlated to produce a matrix R of correlations. 
If correlations, significant in proportion to 
their standard error, appear in clusters in the 
matrix, common factors are inferred. The ob- 
ject in factor analysis is to derive from R math- 
ematically two matrices which multiplied to- 
gether will reproduce the correlations within 
Sampling error. These factor matrices must 
be ‘‘simpler’’ than the test score matrix which 
produced R, in that, the arrays representing 
the factors must be fewer than the number of 
tests. The two factor matrices need not be 
similar unless the common factors are orthog- 
onal or uncorrelated. 

In order to show how R may be constructed 
by means other than intercorrelating the vari- 
ables, postulate any of the test variables as 
having the linear composition 


(1) Zj = aj. F, + aj2F2 + 


where 


Z; is the variable in standard units; aj; is 
the square root of the contribution of 
common factor Fj to the variance of Zj, 
Fj being measured in standard units; m 
is the number of common factors; uj is 
the square root of the contribution of 
unique factor Uj to the variance of Zj- 


This postulate attributes the variance in Zj 
to two types of factors: common factors and a 


unique factor. Common factors are those which 
Zj shares with other tests in the battery. The 
unique factor is specific to Zj only; it arises 
from fortuitous variable errors, imperfections 
in the measuring instrument furnishing Zj, and 
peculiarities unique to Z;. 

Holzinger (14:19) shows if a variable Z; is 
correlated with any other variable Z, in the 
set, the resulting correlation will have the 
composition 


(2) Pjk = Aj, Aki + Aj2ae + ---- + Ajmakm, 
when the common factors are orthogonal. 

This expression also may be written in the ma- 
trix form R = FF' where the aj’s form the en- 
tries of the rows and columns of matrices F 
and F', respectively. A variable correlated 
with itself will produce unity in the principal 
diagonal of R. From equation (2) it can be 
seen that the unique factors, being uncorrela- 
ted from test to test, are effective only in the 
principal diagonal and not in the side correla- 
tions of R. This is an extremely important 
property for the analyst who is interested only 
in analyzing the common factor variance of R. 
Depending upon the number of common factors, 
a factor matrix simpler than the test score ma- 
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trix will be obtained if the factor matrix is 
written with the uj’S omitted. This factor ma- 
trix will reproduce the side correlations in R 
only, and will fail to reproduce unity in the 
diagonal element unless the total variances of 


the tests are being analyzed. It can be seen 
that the analyst really is not attempting to dup- 
licate the R obtained from the test scores which 
produce unities in the diagonal, but rather a 
correlation matrix possessing the same side 
correlations and with values in the principal 
diagonal which represent the common factor 
variances. These latter values, called ‘‘com- 
munalities, ’’ represent portions of the unit var- 
iances which exclude factors peculiar to indiv- 
idual tests. The analyst has to decide prior to 
factoring whether the purpose of his analyst de- 
mands utilization of the total variances of the 
variables or just their common factor variances. 
If the total variances are required, the analyst 
retains unities in the diagonal; if common fac- 
tor variances are required, he inserts commun- 
alities. In the latter case, estimates must be 
made because communalities are not known at 
the start of the analysis. In large correlation 
matrices, usually the highest coefficient in 
each column suffices. With many variables, 
precise estimates are not crucial because ad- 
justments may be made as the factoring pro- 
ceeds. 


The Multiple Group Method of Factoring 


The multiple group method of factoring is 
the product of the efforts of several men. In 
1944, Guttman (6) laid the theoretical ground- 
work by showing analytically that several fac- 
tors could be extracted simultaneously. Later, 
in the same year, Holzinger (13) published a 
paper showing the computational procedure for 
the simultaneous extraction of several factors. 
Holzinger qualified his method, however, to 
correlation matrices which presented clusters 
of variables of unit rank. Shortly after, Thur- 
stone (25, 27) showed that this method was 
general for any correlation matrix. Subsequent- 
ly, Harris and Schmid (10) made some modi- 
fications in the computational and rotation pro- 
cedure. 

The multiple group method of factoring may 
be considered in the light of Thurstone’s (26: 
Ch. VII) geometrical model wherein a config- 
uration of test vectors existing in multi-dimen- 
sional space may represent a matrix of correl- 
ations of those test variables. Groups of var- 
iables are formed arbitrarily by sectioning the 
correlation matrix. A ‘‘centroid’’ or group 
axis is passed through each group of vectors 
(variables) forming a structure S of correla- 
tions of the variables with the axes. The fac- 
toring is completed by developing a matrix ® 
of intercorrelations of these axes and a factor 
pattern matrix P. These operations are indi- 
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cated by the operations: 


R = SP' 
and p=so-! 


The pattern matrix may be interpreted sey- 
eral ways. Analytically, the pattern values for 
each variable are the a’s of the expressed linear 
equation (1). Geometrically, any variable Zz 
may be represented as a vector whose length 
and direction are determined by its coordinates, 
If the common factors are taken as reference 
axes, the coordinates of a vector are expressed 
by the pattern values of the variable. In gen- 
eral, common factors which satisfy a primary 
axes solution are correlated and therefore the 
reference axis system is oblique. Holzinger 
(14:Ch. XI) has made explicit the geometrical 
distinction between structure values and pattern 
values. In Figure 1, the pattern values, aj, 


Fo 
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' rj 
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and aj2, are the coordinates of Zj with respect 
to the oblique axes, F, and F,. These coord- 
inates are defined by axis intercepts of para- 
liels from Zj. The structure values, rj, and 
jz, are the correlations of Zj with the oblique 
axes. Geometrically, these values are the 
intercepts formed by constructing perpendicu- 
lars to the axes from Zj- It may be seen that 
if the oblique axes were rotated to orthogonal- 
ity, the structure values and the pattern values 
would become identical. 





Figure 1 


Simple Structure—Primary Axes 





A correlation matrix may be factored into 
infinitely many paired product matrices; there 
fore, non-uniqueness of factoring poses the 
question of what type of solution to accept. 

This is most easily clarified by a geometrical 
approach. A coefficient of correlation may be 
represented by the cosine of the angle between 
two test vectors. A correlation matrix of order 
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n, therefore, may be represented by a config- 
uration of test vectors lying in an n-space. If 
the rank of the matrix is lower than the order, 
these test vectors may be considered as being 
projected into a subspace of dimensionality 
equal to the rank of the matrix. This subspace 
is called the common factor space. The prob- 
lem then becomes that of placing reference 
axes in this configuation of vectors to furnish 
adesired solution. Reference axes may be put 
among the vectors in an infinite number of 
positions. The factoring of the correlation ma- 
trix has resulted in a set of axes whose loca- 
tion is arbitrary and whose location may read- 
ily be changed merely by rotation, either rig- 
idly or non-rigidly to a desired position. Orig- 
inally, Thurstone sought to obtain simple 
structure by retaining the centroids orthogonal. 
In general, orthogonal simple structure cannot 
be obtained, and Thurstone has shown that 
simple structure may be secured by permitting 
the axes to become oblique (correlated). The 
mooted problem of what constitutes a satisfac- 
tory location of axes apparently has no singular 
answer, although Thurstone offers his concept 
of simple structure as an ideal. He believes 
that the factors of a solution should have psy- 
chological meaning as well as be invariant for 
different samples. After centroids are obtain- 
ed, Thurstone rotates the axes to a position 
which maximizes the number of zero loadings 
and minimizes the bipolarity of the loadings. 
These rotated reference axes, each of which 
are at right angles to a hyperplane containing a 
set of vectors, however, are not taken as the 
factors. Thurstone takes as the factors, which 
he calls ‘‘primary factors, ’’ the intersections 
of the hyperplanes. The rationale for this 
switching of dimensions lies in the arbitrary 
distinction between structure and pattern. A 
structure is a set of correlations of vectors 
with axes; a pattern is a coordinate system of 
vectors with axes. Simple structure is a true 
structure. However, Harris and Knoell (9) 
and Thomson (23: Ch. 18) have demonstrated 
the reciprocity between the structure on refer- 
ence axes and pattern on primary axes. The 
structure values on the reference axes are 
proportional by columns to the pattern values 
on the primary axes. It seems that Thurstone 
is searching for a primary solution, although 
he interprets from the simple axis solution. 
Reciprocity between the two reference systems 
certainly seems to warrant this procedure. 
Holzinger obtains directly a primary pattern 
merely by locating reference axes through 
groups of variables that will satisfy Thurstone’s 
criterion of simplicity. Harris and Knoell (9) 
have shown that these pattern values are a lin- 
ear function of Thurstone’s simple structure 
values and consequently, there is no funda- 
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The computational procedure will illustrate 
some of the principles discussed above. 


Choice of the Factorial Method 








mental disparity between the two solutions. 


The choice of the factorial method used was 
guided by the desire to obtain a primary pat- 
tern solution, or what is comparable, simple 
structure. Of the infinite number of solutions, 
simple structure is that solution for which the 
number of zero or near zero entries is maxi- 
mized. The ambiguity of this criterion be- 
comes apparent when an attempt is made to se- 
cure simple structure. Experience has shown 
that unless the primary axes can be identified 
in advance, rotational procedures will not lead 
necessarily to the desired simple structure. 
Harris (8) has formulated a geometrical criter- 
ion for certain types of desired factor patterns 
that may make identification of the primary 
axes in many problems more precise. This 
criterion was used in the analyses of this in- 
vestigation and will be discussed subsequently. 

An oblique solution on primary axes presents 
the variables reduced to lowest complexity. 
The advantage gained with this type solution lies 
in the interpretation that may be made about 
the sample and the factors. When a test is of 
complexity two or greater, there is no way of 
determining whether each factor samples all or 
just some of the students supplying the numer1- 
cal data. Frequently, a primary solution pre- 
sents variables of complexity one, thus elimin- 
ating this indeterminativeness. 

In carrying out factor analyses on the female 
and male groups, Harris’s (10) modified form 
of the multiple group method of factoring was 
used. This procedure essentially entails four 
steps: 

1. Estimation of communalities 

2. Determination of the number of com- 
mon factors 

3. Construction of an arbitrary initial 
oblique structure 

4. Rotation of this initial structure to a 
primary axes solution 


In addition to reducing the amount of com- 
putation, Harris’s procedure offers several 
advantages. If the communality estimates are 
reasonably accurate, a geometrical criterion 
is available for determining the number of 
common factors. Harris (8) has demonstrated 
that the factor problem may be described in 
terms of the geometry of the hypertetrahedron; 
that is, he postulated that an m-space hyper- 
tetrahedron might serve as a model for an m- 
common factor test configuration. If a vari- 
able is of complexity one, it locates a vertex 
of the model. Complexity two indicates a var- 
iable resident in a plane spanning two primary 
axes of the model; complexity three indicates 
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a variable lying in a 3-space hyperplane of the 
model; complexity four indicates that the vari- 
able lies in a 4-space hyperplane. This may 
be generalized on up to the complete dimen- 
sionality of the problem. If the structure val- 
ues for all the variables are extended to unity 
on one of the group axes, and if orthogonal 
plots of the extended structure values are made 
on remaining pairs of axes, the m-space test 
configuration is delineated as a plane repre- 
sentation wherein the m-space dimensionality 
is revealed as vertices and regions of higher 
complexity. The number of common factors 

is indicated by the number of vertices which 
from plot to plot consistently are defined as the 
intersections of lines formed by the same sets 
of variables. 

The number of common factors always has 
presented a formidable problem to the factor 
analyst because sampling errors of the correl- 
ations disguise the rank of the correlation ma- 
trix. Reproduction of correlations and exam- 
ination of the size of the residual correlations 
is not a satisfactory answer because the distri- 
bution of r is skewed; and, in addition, the sam- 
pling errors in the original correlations are 
intercorrelated. Other criteria have been pro- 
posed by Tucker (24:66-7), Coombs (2), Mc- 
Nemar (18), and Swineford (22: 377); but to 
date the problem has not been solved satisfac- 
torily. 

An upper limit to the number of common 
factors frequently may be determined if the 
communality estimates are good. In the pro- 
cess of factoring, an arbitrary number of fac- 
tors are extracted and a matrix © of intercor- 
relations of these factors is obtained. @ is ob- 
tained from the correlation matrix by a series 
of elementary transformations, and consequent- 
ly the rank of @ equals the rank of R. If the 
inverse of @ cannot be computed because some 
of the pivotal values become negative, or if the 
pivotal values approach a zero value, thus 
causing the entries of @-1 to become many 
times larger than unity, then linear dependence 
exists between the arrays of @. Linear depend- 
ence of arrays arises fortuitously by construc- 
tion if the initial oblique axes are linearly de- 
pendent. This dependence of axes may be elim- 
inated by regrouping the variables to form a 
new reference frame. With experimental data, 
however, linear dependence arises almost al- 
ways if too many common factors have been ex- 
tracted so that several are forced into depend- 
ence. Linear dependence results in the rank 
of @ being less than its order and its determ- 
inant being zero. This indicates that R is of 
lower rank also, and there are less common 
factors than the order of @. The computation 
of o-} as a test of the number of common fac- 
tors rests on the definition of the inverse. Each 
element of an inverse is obtained by dividing an 
appropriate value by the value of the determin- 
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ant of @. If the determinant of @ is zero, @ is 
said to be singular, and the division process 
leads to meaningless values. 

Harris’s geometrical criterion of the dimen- 
sionality of the common factor space and the ip- 
verse test show promise as important aids for 
many factor problems. 

The computational procedure in making the 
analyses perhaps will clarify aspects of the 
multiple group method described in the prey- 
ious exposition. At appropriate steps of the 
analyses, further consideration will be given 
to some of these concepts. 


SECTION II 


SUBJECTS - MEASURES 


Description of the Subjects 





Data were obtained on 102 students who were 
enrolled in the School of Education at the Uni- 
versity of Wisconsin during 1947-48. The sel- 
ection of these 102 cases was made on the basis 
of completeness of data for each student. The 
102 cases consisted of two equal groups of male 
and female students. All of the measures ex- 
cept the professional and total grade point aver- 
ages were obtained after the students had grad- 
uated. 


Measures Used 


Twenty-four variables were used in these 
analyses. Seven variables were derived from 
the Washburne Social Adjustment Inventory; 
seven were derived from the Mooney Problem 
Check List; and four scales of the Minnesota 
Multiphasic Personality Inventory were used. 
The remaining six variables were individual 
measures obtained from the student files. 

The twenty-four variables are listed below. 
The code number preceding each measure is 
used to identify that measure as the variable in 
the correlation and factor tables. A code sym- 
bol follows each measure. 


) Control (Washburne) 
(Washburne) 
(Washburne) 
(Washburne) 
(Washburne) 
(Washburne) 
(Washburne) 


(1 

(2 

(3 

( 4) Alienation 

( 5) Impulse-Judgment 

( 6) Subtotal score 

( 7) Yes-response 

( 8) Professional Grade 
Point Average 

( 9) Total Grade Point 
Average 

(10) Best Teacher 
Attitude Test 

(11) Age 

(12) Finances, Living 
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Conditions, and 
Employment 

(13) Social and Recre- 
ational Activities 

(14) Social- Psychological 
Relations 

(15) Personal-Psycho- 
logical Relations 

(16) Adjustment to 
College Work 

(17) The Future: Voca- 
tional and Educa- 
tional 

(24) Mooney Total Score 

(18) Practice Teach- 
ing Rating 

(19) Hypomania 

(20) Masculinity-Fem- 
inity Interest 

(21) Depression 

(22) Social Introversion- 
Extroversion 

(23) Wright Profession- 
al Judgment Exam- 
ination 


(Mooney) 
(Mooney) 
(Mooney) 
(Mooney) 
(Mooney) 
(Mooney) 
(Mooney) 
(Minnesota) 


(Minnesota) 
(Minnesota) 


(Minnesota) 


WPJE 


Description of the Measures 





1. Washburne Social-Adjustment Inventory, 
WSAI (Thaspic Edition), J. N. Washburne, 
Syracuse University, Syracuse, New York. 
This inventory is an eight-page booklet contain- 
ing 122 questions concerning the examinee’s 
likes, dislikes, habits, beliefs, wishes, ideals, 
and moods. Most of the questions call for a 
single response, ‘‘Yes’’ or ‘‘No’’. The inven- 
tory is intended to furnish a measure of an in- 
dividual’s social and emotional adjustment rel- 
ative to six traits: happiness, alienation, sym- 
pathy, purpose, impulse-judgment, and con- 
trol. A ‘‘truthfulness’’ scale is included to in- 
dicate a degree of inaccuracies, intentional or 
otherwise, in answering the items. 

The seven measures that were selected 
from this instrument are described below: 


a. Control - C. This is a subtest of the 
WSAI consisting of seventeen items. 
This subtest attempts to measure that 
quality which might be described as 
‘«self-control’’ or ‘‘the ability to make 
and execute plans.’’ A low score indi- 
cates satisfactory adjustment. 


. Purpose - P. The thirty-two questions 
in this subtest attempt to measure ‘‘de- 
sire definitely directed toward a goal 
involving plan, evaluation, selection, 
and effort.’’ A low score indicates 
satisfactory adjustment. 


. Sympathy - S. Twenty-seven items are 
designed to measure a personality trait 
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which might best be described as a 
sympathetic attitude towards people and 
animals. A low score indicates satis- 
factory adjustment. 


. Alienation - A. The twenty items in 
this subtest measure what might be con- 
sidered as ‘‘a sense of social member- 
ship and acceptance.’’ A low score in- 
dicates satisfactory adjustment. 

- Impulse-Judgment - I. Nine items are 
intended to measure the ability of a per- 
son to control impulses that are attend- 
ed by satisfaction deemed less worthy 
but immediate in favor of more prom- 
ising but remote outcomes. A low 
score indicates satisfactory adjustment. 


. Subtotal Score - WT. This score used 
in the study differs from the subtotal 
score listed on the profile chart of the 
WSAI. A composite score was made 
of the six traits: happiness, alienation, 
sympathy, purpose, impulse-judgment, 
and control. A low score indicates 
satisfactory adjustment relative to the 
composite of these traits. 


. Yes-response - Y. The tendency to 
give a yes-response to questions of the 
WSAI was investigated by counting the 
number of ‘‘yes’’ responses made by 
each student. It was believed that a 
response set might be related to the 
practice teaching grade. If this were 
true, the validity of the practice teach- 
ing grade might seriously be question- 
ed. 


2. Professional Grade Point Average - PGPA. 
This measure was secured by averaging each 





student’s grades in education courses. Gener- 
ally, this measure was a composite of four 
grades. The grades were taken from Educa- 
tion 73, 74, 75, and methods courses. A high 
score indicates good grades. 


3. Total Grade Point Average. - TGPA. This 
measure was the student’s total grade point 
average upon graduation. A high score indi- 
cates good grades. 





4. Best’s Teacher Attitude Test - BTAT. This 
test, developed at the School of Education of 
the University of Wisconsin, furnishes a meas- 
ure of the student’s attitude toward teaching 
and the teaching profession. One hundred 
stated generalizations representing opinions 
about teachers and the teaching profession are 
listed. The examinee may respond in one of 
five ways: agree, inclined to agree, cannot say, 
inclined to disagree, and disagree. A high 
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score indicates favorable impressions or atti- 
tudes toward teachers and the teaching profes- 
sion. 


5. Age - M. 


6. Mooney Problem Check List - MPC (College 
Form). Ross L. Mooney: Ohio State University, 
Columbus, Ohio. This checklist consists of 
330 stated problems that college students might 
feel were of concern to them. These problems 
are classified into eleven areas—thirty prob- 
lems in each area. The student is asked to 
underline those problems that seem of concern 
to him, and of these, to encircle the problems 
that seem of greatest concern. It would have 
been desirable to include all eleven areas in 
these analyses, but this was precluded by the 
scope of the analyses. Six of the areas were 
regarded as being most significant in this study. 
The number of problems underlined in each 
area was taken as a measure of personality 
relative to that area. It was believed that the 
number of problems of concern to a student in 
the area of social-psychological relations, for 
example, served as a partial index of that stu- 
dent’s lack of adjustment in this area. 

The seven variables that were derived from 
this checklist are: 


























a. Finances, Living Conditions, 





















and Employment FLE 
b. Social and Recreational 

Activities SRA 
c. Social-Psychological 

Relations SPR 
d. Personal-Psychological 

Relations PPR 
e. Adjustment to College 

Work ACW 
f. The Future: Vocational 

and Educational FVE 
g. Total number of prob- 

lems in all areas MTS 


7. Practice Teaching Rating - PTR. Each 
practice teacher is rated on seventeen items. 
As a person, he is rated on poise, appearance, 
speech, and social form. As a student, he is 
rated on knowledge of subject matter, breadth 
of experience, educational principles, and pro- 
fessional ambitions. As a group leader, he is 
rated on his ability to motivate pupils, theory 
and practice, group control, organization of 
materials, and initiative. As an adviser to 
individuals, he is rated on matters related to 
ability to gain pupil confidence, aid in remed- 
ial work, pupil conferences, and guidance. A 
student is rated after a semester of practice 
teaching experience by a critic teacher of the 
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A composite score was made from the sey- 
enteen items. A low score indicates good 
teaching skill. 


8. Minnesota Multiphasic Personality Inventory 
MMPI. S. R. Hathaway and J. C. McKinley, 
University of Minnesota, Minneapolis, Minne- 
sota. The Minnesota Multiphasic Personality 
Inventory is an instrument designed to meas- 
ure psychological and psychiatric phases of 
personality. Five hundred and fifty statements, 
covering health, habits, attitudes, education, 
and the like, are printed on separate cards. The 
examinee is asked to sort the cards into three 
categories: ‘‘True’’, ‘‘False’’, or ‘‘Cannot 
say’’ as the statements refer to him. On the 
basis of these statements, four validating and 
ten personality scales were devised by Hatha- 
way and McKinley (12) at the University of Min- 
nesota. These scales are named hypochondri- 
asis, depression, hysteria, psychopathic per- 
sonality, masculinity-feminity, paranoia, psy- 
chasthenia, schizophrenia, and hypomania. 
Drake (3, 4) at the University of Wisconsin de- 
veloped another scale which he named ‘‘Social 
Introversion-Extroversion. ’’ 





a. Hypomania ~- MA. This scale measures 
a personality characteristic typical of 
persons who try to do too many things 
simultaneously. These people are char- 
acterized by overactivity in thought and 
action. Two studies indicate that hypo- 
mania may be characteristic of students. 
Lough (17) states that 185 unmarried 
women teacher college students showed 
a tendency toward hypomania on the in- 
ventory: Lough suggests that certain 
scales might be useful in the selection 
of teachers. Blum (1) found hypomania 
more characteristic of students training 
for professions in medicine, journalism, 

law, or mechanical engineering. High 

scores lie in the direction of abnormal- 
ity. 


b. Masculinity~Femininity Interest - Mf. 
A high score on this scale indicates a 
deviation in interest pattern in the di- 
rection of the opposite sex. 


c. Social Introversion-Extroversion - IE. 
This scale was developed by Drake (3, 
4) at the University of Wisconsin. Drake 
made an item analysis of MMPI respon- 
ses differentiating students who attain- 
ed centile ranks above sixty-five and be- 
low thirty-five on the Minnesota T-S-E 
Inventory. Items showing a difference 
of two standard deviations of the differ- 
ence between the percentage of respon- 
ses of the upper and lower groups were 
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taken as the Social Introversion-Extro- 

version scale. This scale was validated 
against students’ participation in school 
and extra-curricular activities. A high 
score indicates a deviation in the direc- 
tion of introversion. 


. Depression - D. A high D score indi- 
cates a person characterized by depres- 
sion, low morale, lack of an optimistic 
attitude toward life. This scale might 
serve as a description of the syndrome 
of confusion and worry factor of the 
Marzolf and Larsen (19) study. 


9. K_ Validating Scale. A common failing of 
personality tests is their susceptibility to de- 
ception. Some examinees, consciously or un- 
consciously, attempt to present aspects of 
themselves that are not necessarily accurate. 
This impinges directly upon the validity of the 
test. Meehl and Hathaway (21) developed the 
K validating scale for the Minnesota Multiphas- 
ic Personality Inventory. This scale is an at- 
tempt to correct this inadequacy by sharpening 
the discriminative power of the other scales. 
The four scales used in this study have been 
corrected with the K scale. 





10. Wright Professional Judgment Examination 
WPJE. This examination, developed at the 





School of Education of the University of Wiscon- 
sin, attempts to measure a student’s judgment 
in selecting sound teaching techniques under 
special conditions. The examination calls for 
multiple choice responses to described learn- 


ing-teaching situations. Twelve test exercises 
describe special teaching situations. Ten pos- 
sible techniques are provided. The student is 
asked to indicate one preferred technique and 
one optional technique. Reasons for these 
choices are indicated by checking items from 
lists of general conditions, special conditions, 
principles that the student may hold to be true, 
and general objectives of education. These 
lists were given to the students several days in 
advance. A high score is indicative of good 
professional judgment. 


ll. The extreme scores, ranges, means, stan- 
dard deviations, and the number of students for 
which the twenty-four measures are obtained 
are presented in Table I. This table also furn- 
ishes further description of the students used 

in these analyses. 


Limitations of the Data 





Complete data for each individual were not 
available. It did not seem feasible to eliminate 
cases for which certain measures were missing 
and thus reduce the size of the sample below 
what would seem a desirable limit; therefore, 
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all cases were retained. This necessitated us- 
ing correlations based on varying subgroups. 

It is true, as Holzinger and Swineford (15:5) 
point out, that correlations obtained in this 
manner cannot accurately be treated as com- 
parable sets, but this limitation may be less 
demanding in certain circumstances. The 
comparability of varying subsamples depends 
largely on the homogeneity of the supply sam- 
ple. If the supply sample is relatively homo- 
geneous with respect to influences that might 
disturb the coefficients of correlations of the 
experimental variables, then comparability of 
subsamples are assured. Homogeneity of the 
cases was ensured partly through the design 

of the study and partly through the nature of 
the supply sample used. The 102 cases were 
divided equally into male and female groups. 
All the students were white. Although the ages 
ranged from nineteen through thirty-nine years, 
the standard deviation of 2.7 years indicated 
that the variability of age was not great. The 
students were of the same educational level by 
virtue of their being seniors and second sem- 
ester juniors. A grade point average of 1.3 

is necessary for admission to the School of Ed- 
ucation after two years of college education. 
This selectivity was a contributing factor to the 
homogeneity of the scholastic achievement and 
educational level of the students in the study. 
Thus, heterogeneity within the supply sample 
was minimized relative to sex, race, age, vo- 
cational aspiration, and educational and scho- 
lastic levels. 

A second consideration which suggested the 
use of varying subsamples rather than a very 
small but consistent sample was prompted by 
inferences made about factor loadings. Harsh 
(11), in showing that factor loadings are more 
stable than the correlations on whicn tney are 
based, points out that the reliability of factor 
loadings is dependent on the number of vari- 
ables and the size of the sample. This is a 
logical consequence of the derivation of facto) 
loadings from pooled coefficients of correla- 
tions. The greater the number of variables 
used (and, accordingly, the larger the pool of 
correlations), the greater the reliability of the 
factor loadings. Also, the reliability of a cor- 
relation coefficient is dependent upon the size 
of the sample. From these and other consider- 
ations, Harsh concluded that greater flexibility 
might be made of factor methods. 

The plausibility of using data that were not 
entirely complete, but comprehending more 
variables and individuals, seemed justified in 
view of the homogeneity within the supply sam- 
ple on major factors and in view of the relative 
stability of factor loadings. 

Another limitation which must be consider- 
ed when making inferences about the factor 
loadings is the time interval over which the 
personality measures were obtained. The per- 
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sonality tests were administered to the students 
over a period of several months. The effects 
of this time lapse were not determinable with 
the design of this study. 


Treatment of the Scores 





The data for each individual were recorded 
on an IBM card. In order that each of the 
twenty-four variables could be represented as 
acolumn on the cards, the raw scores were 
coded into nine class intervals. The definitive 
nature of the distribution of age prescribed a 
linear transformation to a nine interval scale 
in order to preserve the shape of the distribu- 
tion. The shapes of the distributions of the 
other traits, however, being contingent upon 
scoring and scaling procedures, specific nature 
of the tests measuring those traits, conditions 
under which the tests were administered, and 
the sample of students, were experimentally 
indeterminable. Therefore, these distributions 
were normalized in accordance with Thurstone’s 
(26:367-9) recommendation. Thurstone empir- 
ically found that although factor solutions util- 
izing the same raw scores subjected to differ- 
ent transformations yield essentially the same 
complete simple structure, the structure was 
rendered most clearly when the raw scores 
were normalized. 

The raw score distributions were normal- 
ized by expressing each frequency of a distri- 
bution as a percentage of the total frequency of 
that distribution. The average sigma distance 
of these percentages from the mean of the raw 
score distribution determined the code number. 
Each code number represented an interval of 
0.67 sigma units on the base line under the 
normal curve. The code numbers ranged from 
1 to 9 with 5 spanning the mean section of the 
normal curve. Table XXVII in Garrett (5:166- 
7) was found to be useful in the normalizing pro- 
cedure. 


SECTION IV 
FACTOR ANALYSIS OF FEMALE SCORES 


The numerical data and matrices used to de- 
velop the solution for the female scores are 
presented in Appendix A.* Capital letters de- 
note matrices, arrays of matrices, and group 
axes. References to these symbols will be 
made in context to prevent confusion. Sub- 
scripts attached to the letters indicate the stage 
of development of the factorial solution. 
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Intercorrelations of the Female Scores 





The sums, sums of squares, and sums of 
cross products were calculated on an IBM tab- 
ulator. The product moment coefficients of 
correlations subsequently were computed on 
desk calculators. The intercorrelations of the 
twenty-four variables of the female group ap- 
pear below the principal diagonal in matrix Rr. 
(Table Al).** Variables 8, 9, 10, and 11 have 
been reflected in order to maximize the number 
of positive correlations. The numbers of cases 
on which these correlations are based appear in 
the upper half of Rr. Further references to 
RF will relate only to the total correlations of 
this matrix. 


Initial Estimates of Communalities 








Estimates of communalities were made by 
grouping tests and applying the centroid form- 
ula. Medland (20) empirically compared nine 
methods of estimating communalities, and he 
found that the centroid method furnished the 
most consistent results. Three to five tests 
most highly intercorrelated are grouped with 
the test whose communality is to be estimated. 
The highest r in each column is placed in the 
diagonal of this group matrix, and the centroid 
is extracted. The square of the resulting ‘‘fac- 
tor loading’’ for the specified test is taken as 
the estimate of the communality. Estimates 
of communalities CE, (Table A2) were obtained 
in this manner for the twenty-four variables. 
These estimates were placed in the diagonal of 
RF. 


Determination of the Number of Common 
Factors 





RF was sectioned into three groups: 


Group A,:1-7 
Group B,: 8 - 10, 12 - 18, 24 
Group C,: 11, 19 - 23 


Although the sectioning was arbitrary, care 
was taken to form one group that would eventu- 
ate in a group axis positively correlated with 
all of the variables. 

The correlations of each variable were sum- 
med over the three groups to produce G,. This 
summation process may be considered as a 
matrix transformation. A matrix E can be con- 
structed which has zero and unity elements so 
arranged that postmultiplying Rp by E selects 
the appropriate correlations to form G,. 





*All references to Appendices may be found in original thesis on file in the Library, Uni- 
versity of Wisconsin. 


**All references to lettered tables may be found in Appendices of original thesis on file 


in the Library, University of Wisconsin. 
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The sums of correlations of each group with 
every other group, H,, were obtained by sum- 
ming the columns of G, over each group. _ This 
operation was equivalent to premultiplying G, 
by E'. A diagonal matrix W, was constructed 
from the reciprocal square roots of the princi- 
pal diagonal elements of H,. A structure val- 
ue is derived from a summation value of a G 
matrix by dividing the summation value by the 
length of the group axis. The length of a group 
axis is given by the square root of the appro- 
priate principal diagonal element in H,. The 
structure S, was obtained from G, in a single 
operation by premultiplying G, by W,. The 
structure values represent the correlations of 
the variables with the group axes. Geometric- 
ally, these operations served to pass a refer- 
ence or group axis through each group of vari- 
ables. No restrictions were made as to ortho- 
gonality, and these axes ordinarily will be o- 
blique unless fortuitously orthogonal. The 
angles separating the group axes may be deter- 
mined from their intercorrelatior.s given in @,. 
$, was computed by pre- and postmultiplying 
H, by W,. @,~7! was computed by the Gaussian 
method of substitution employing the Doolittle 
worksheet procedure. The entries of @,~1! 
were sufficiently small to indicate that linear 
dependence did not exist between the arrays of 


a 
This initial oblique structure was construc- 


ted only for the purpose of attempting to deter- 
mine the dimensionality of the common factor 
space by examining a plane representation of 
the test configuration. The structure values 
were extended to unity on the Group C, axis by 
dividing the structure values of each variable 
by the respective C, axis structure value. 
These extended values are shown in matrix M,. 
An orthogonal plot (Figure 2) was made of the 
A and B group axes' extended values. The con- 
figuration revealed no clear profile. There- 
fore, it was decided to construct a four axes 
structure and examine the resulting three plots 
from the extended structure values. 

Ry was resectioned into four groups: 


Group A,: 7, 12, 13, 17, 24 

Group B,: 8, 9, 10, 11, 20, 23 
: 4, 6, 14, 15, 16, 18, 21, 22 
es 


2, 3, 6, 19 


Group C, 
Group D, 


Structure values were computed in the rou- 
tine manner described for three axes. It should 
be noted that variable 6 in S, has a structure 
value which is greater than unity. Although a 
correlation coefficient theoretically cannot ex- 
ceed unity, this structure value is computa- 
tionally correct because of the nature of the 
variable. Variable 6 is a composite score of 
the subtest scores of the WSAI. Experience has 
shown that composite variables frequently ex- 
hibit this property as well as communalities 
greater than unity. 
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The structure values were extended to unity 
on the Group C, axis. (See matrix M,). Three 
‘orthogonal plots were necessary for complete 
profile representation of the test configuration - 
one plot for each pair of axes excluding the axis 
which was taken at unit length. These plots 
are shown in Figures 3, 4, and 5. In the ex- 
amination of the extended vector plots, several 
clues are useful in identifying the dimensional- 
ity of the test configuration. In general, vari- 
ables having low communalities should be dis- 
regarded as they have unstable extended values. 
Variables or groups of variables which do not 
have low communalities and which remain on 
the periphery of the configuration from plot to 
plot, may identify the regions of complexity 
two of the hypertetrahedron; the intersection of 
these lines, in turn, define the extensions of 
the primary axes. 

Harris (8) has shown that a m-space hyper- 
tetrahedron shoyld project on a plane as a con- 
figuration having m vertices. Taking variables 
2, 9, 19, and the cluster (12-17, 24) as ver- 
tices, six lines outlined a configuration having 
four vertices. This indicated the presence of 
four common factors. However, the consist- 
ent intersection of the diagonal lines in the 
region of variables 3 and 10 strongly suggested 
a fifth vertex and, therefore, five common fac- 
tors. 

The inverse test on the four axes system of 
intercorrelations tended to negate the hypoth- 
esis of five factors. O,~! was computed as be- 
fore. The C, diagonal value exceeded unity by 
a multiple greater than four (See Table A6). 
This indicated that perhaps four common fac- 
tors were excessive. Nevertheless, the plotted 
configuration had suggested the possibility of 
five factors, so this contradiction was tempor- 
arily discarded. 

In testing the hypothesis of five common fac- 
tors, new communality estimates CE, (Table 
A6) were obtained by reproducing the principal 
diagonal elements of the correlation matrix 
with the four group factors. Reproduction of 
the diagonal values was carried out in accord- 
ance with the relationship R = SP'. P, was ob- 
tained by the operation S,0,~!= P,. The re- 
produced diagonal elements of the correlation 
matrix, shown in Table A7 were taken as new 
communality estimates CE,, with the exception 
of the value for Variable 6. The reproduced 
valued exceeded unity; therefore, the commun- 
ality estimate arbitrarily was taken as 0. 99. 

Ry was sectioned into five groups: 


Group A; 
Group B; 


: 7, 12, 13, 24 
: 4, 
Group C;: 9, 
: 6, 
ER 


8, 10, 16, 17, 18 
li, 20, 23 

14, 15, 21, 22 

2, 3, 5, 19 


Group D; 
Group E; 


Extended vector plots were made in the man- 





ner previously described; however this time, 
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Group axis B, was extended to unity. Six plots 
were available for examination: Figures 6, 7, 
8, 9, 10, and 11. The number of plots that 
may be made available are equal to the number 
of paired extended axes, excluding the axis 
taken at unit length. If n factors are extracted, 
there will be (n - 1)(n - 2) pairs of axes. 

2 


Examination of the six plots seemed to indi- 
cate the presence of four factors only. Vari- 
ables 15, 2, 13, and 20-23 appeared consist- 
ently as indicators of four axes. $,~1 was 
computed for the five groups of variables. 

Most of the entries of 0," were appreciably 
greater than unity indicting linear dependence 
between some of the group reference axes. 
This does not preclude the existence of five in- 
dependent common factors because grouping 
may have resulted in linear dependence; but 
this eventuality seemed unlikely in view of the 
test configuration. 

On the basis of the criteria, test configura- 
tion of the extended structure values and the in- 
verse test, the hypothesis of five common fac- 
tors was discarded, and four common factors 
were postulated. 


Arbitrary Oblique Solution 





Variable 9 was reflected back to its original 
direction, leaving 8, 10, and 11 the only vari- 
ables reflected to their original sense. The 
correlation matrix was grouped: 


Group A, : 7, 8, 12-17, 24 
Group B, : 1 - 6, 10 

Group C, : 9, 18, 21, 22 
Group D, : 11, 19, 20, 23 


Extended vector plots were made at this 
stage from the extendedG, values. This is pos- 
sible because the structure values are linear 
functions of the summations of correlations 
values. The G, values were extended to unity 
on the group axisA, (See M,). The three plots 
shown in Figures 12, 13, and 14 indicated the 
presence of four factors with variables 9, 10, 
20, and 13 designating the vertices of the pro- 
jected hypertetrahedron. 

-1 was computed. Its entries were com- 
mensurate with the postulate of four common 
factors indicated by the plots. S, was calculated 
and taken as the desired initial oblique solution. 


Rotation to Primary Structure 





Examination of the plots of the extended G, 
values suggested that variables 9, 10, 20, and 
13 representing clusters might be considered 


as the loci of the extended primary axes. Har- 
ris (7, 10) has demonstrated that when the pri- 
mary axes are located, direct rotation may be 

made to primary structure. The structure 
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values of the four variables were written as 
the rows of a matrix X of correlations of the 
primary axes with respect to the group axes. 
The operation X@ ~! produced a matrix Y oi co- 
ordinates of the primary axes with respect to 
the group axes. A matrix Z of intercorrela- 
tions of the primary axes, taken at lengths de- 
termined by the entries in X, was obtained by 
the operation YX'. Pre- and postmultiplying 
Z by a diagonal matrix L formed from the re- 
ciprocal square roots of the principal diagonal 
elements of Z produced a matrix Qp of proper 
intercorrelations of the primary axes taken at 
unit length. 

Harris (10) has shown that the matrix A 
which rotates the initial group axis structure 
into primary structure is constructed by post- 
multiplying Y' by L. Inasmuch as the entries 
in A are the ratios of coordinates of vectors to 
their lengths, A is a matrix of direction ratios. 

@p~! was computed; and by the operation 
Sp-1, the primary pattern Pp was obtained. 

A final check on the validity of the postulate 
that four common factors would satisfactorily 
explain original correlations was made by re- 
producing the correlation matrix and examin- 
ing the residuals. The residuals, Rp-res 
(Table A19), contained some values which were 
quite large, but alJ were within what might be 
attributed to sampling error. The mean of the 
residuals was 0.002 and the standard deviation 
was 0.123. The standard deviation of a zero 
correlation coefficient based on 51 cases is 
about 0.140. The number of cases on which the 
original correlations were based varied from 
33 to 51; therefore, the standard deviation of a 
corresponding zero correlation generally would 
be greater than 0.140. The standard deviation 
of the residuals being less than 0. 140 roughly 
indicated that further linkages necessarily did 
not exist between the variables. Undoubtedly, 
the fit might have been improved had the factor- 
ing process been reiterated several times using 
adjusted communalities until the communalities 
stabilized. 


Interpretation of the Female Factor Matrix 








The primary solution yielded a structure Sp 
and a pattern Pp. The columns in Sp may be 
considered as representing Thurstone’s simple 
axis reference system, and the columns in Pp 
may be considered as representing what Thur- 
stone calls the primary factors. Ordinarily, 
inferences about the nature of the common fac- 
tors proceeds by observing which variables have 
significant values in any one column of the pri- 
mary pattern matrix. The significant values in 
a column serve as a basis for inferring that 
some property common to the corresponding 
variables is responsible for the systematic cor- 
relations in the correlation matrix. The com- 
mon property identifies the nature of the pri- 
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mary factor. Obviously, sundry properties 
might be common to the variables, but presum- 
ing that the variables have been derived by val- 
id measuring instruments, the common proper- 
ty is the trait measured or that trait which of- 
fers the most meaningful explanation. The term 
‘‘primary’’ as applied to common factors pur- 
ports only a mathematical meaning and nothing 
in the sense that the factor is basic or element- 
al. Anything that systematically produces cor- 
relations, however complex, may become a 
primary factor. 

A second consideration in making inferences 
about the common factors involves the com- 
plexities of the variables. The complexity of 
a variable is indicated by its number of signif- 
icant pattern values. When simple structure 
has been obtained, the number of near zero 
values are maximized and thereby the complex- 
ities of the variables are minimized. This is 
highly desirable, for when a variable has com- 
plexity greater than one, several factors con- 
tribute to the variance of the variable. This 
dispersion among several factors makes the in- 
terpretation of the nature of the factors difficult. 
When a variable is of complexity one, only one 
common factor is assumed to contribute to the 
variance, and the remaining variance is attrib- 
uted to peculiarities of the measuring instru- 
ment. 

Ease of interpretation is gained also if the 
signs of all of the values can be made positive. 
A factor which contains both positive and nega- 
tive values indicates that the commonness is 
bipolar, such as, extrovertive-introvertive, 
brave-cowardly, etc. Whether such qualities 
lie at the opposite ends of a continuum is ques- 
tionable. 

It can be seen that interpretation of a factor 
matrix is a highly speculative process and that 
inferences drawn may vary considerably with 
different examiners. 

These considerations suggested that in the 
present analysis interpretation of the common 
factors was preferable if made from the rotated 
structure matrix Sp rather than from the rota- 
ted pattern Pp. Ordinarily, when a primary 
axis solution is obtained as in this problem, it 
is the pattern which exhibits the properties of 
simple structure outlined by Thurstone. In the 
present analysis, however, comparison of Sp 
and Pp leaves no doubt that Sp is the ‘‘neater’’ 
solution. The variables in Sp show lower com- 
plexity than those in Pp, and the bipolarity may 
be completely removed from Sp by reflecting 
variables 9 and 19, whereas no amount of re- 
flections will do this in Pp. The writer can 
offer no explanation why the rotated primary 
structure matrix appears ‘‘simpler’’ than the 
pattern matrix other than that it may be an out- 
growth of the polarity existing within the orig- 
inal correlation matrix after the number of 
positive coefficients have been maximized by 
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reflection. Inspection of Ry shows that reflec- 
tion cannot make all of the coefficients positive, 
and that a sizeable number of negative coeffic- 
ients remain after variables 8, 9, 10, and 11 
had been reflected. 

In using Sp as a source for interpreting, the 
common factors should be designated as ‘‘sim - 
ple factors’’ to distinguish them from ‘‘primary 
factors.’’ However, in this analysis, the label- 
ling is arbitrary. The values in Sp will be 
called loadings in the remainder of this chap- 
ter. What may be considered as significant 
loadings in any column also is arbitrary. The 
relative magnitudes of the loadings indicate 
which variables may be considered as conflu- 
ent. Thurstone (24:79) regards loadings below 
0.20 or 0.30 unstable because they represent 
a factor’s contribution to the variance of the 
test which is less than 10 percent. In this 
Study, 0.30 was taken as the minimal loading 
indicating a factor’s contribution to the vari- 
ance of atest. The loadings in Sp were round- 
ed to two decimal places and those having val- 
ues greater than 0.30 were recorded in matrix 
Vp (Table A21). In Vp, variables 9 and 19 
have been reflected. It will be recalled that 
variable 9 now has been reflected twice so that 
it possesses its original sense. Variable 19, 
being reflected once, indicates lack of over- 
activity and productivity. 

The matrix 6 of the intercorrelations of the 
factors (Table A20) represented in Vp were ob- 
tained by pre- and postmultiplying @p~! by a 
diagonal matrix constructed from the recipro- 
cal square roots of the principal diagonal elem- 
ents of Op~!. 

The following inferences made about the fac- 
tors must be considered in light of the limita- 
tions of the data previously stated. 


Common Factor: (PRS) Problems Response 
Set 





The variables having significant loadings on 
this factor are as follows: 


4 (A) - 41 

7 (Y) . 43 
12 (FLE) - 62 
13 (SRA) . 78 
14 (SPR) . 78 
15 (PPR) . 52 
16 (ACW) - 66 
17 (FCE) . 59 
24 (MTS) . 89 


(SPR) of this set is of complexity two, but 
its highest loading occurs on this factor. (D) 
and (IE) also possess loadings on this factor, 
but they have higher loadings in other columns. 
The loadings suggest two hypotheses: (1) the 
factor is an affirmative response set to any 
stated problem; (2) the factor is a response set 
to felt problems. 
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With the exception of A, Alientation, and 
(Y), Number of Yes-responses, this factor is 
made up of Mooney variables. This suggests 
that the Mooney Problem Check List actually 
does not serve as a basis for indicating differ- 
ent types of problems felt by college students, 
but that a student is governed by a response to 
any stated problem. The inclusion of (Y) in 
this set does not seem unreasonable for exam- 
ination of the questions from which a (Y) score 
is built shows each question may be regarded 
as posing a problem not dissimilar from the 
Mooney problems. The first hypothesis that 
an affirmative response set exclusively under- 
lies these loadings, however, cannot be accept- 
ed because other subtests of WSAI and the MMPI 
contain items similar to (A) and the Mooney 
variables, and yet, a problems response set is 
not manifest in them on this factor. 

(Y) may be expected to have a loading on the 
same factor as (A) because the two are signif- 
icantly correlated at the one percent level. The 
reason for this relationship may be found in the 
construction of the (A) score. Of 24 items in 
(A) calling for a Yes-No response, 21 items re- 
quire Yes for a high score. In terms of points, 
69 out of 83 points are accredited to a Yes-re- 
sponse to the items. Consequently, a high 
score in (A) of necessity must be accompanied 
by a high score in (Y). This relationship im- 
mediately suggests that the common factor is 
a Yes-response set. This hypothesis is not 
sustained, however, in view of the fact that a 
Yes-response tendency apparently did not force 
(WT) into this factor. Of 92 Yes-No items in 
(WT), 57 require a Yes for a high score. In 
corresponding points accredited to these respon- 
ses, 183 out of 289 points are assigned to a high 
Yes score. A Yes-response tendency failed to 
produce in (WT) a factor pattern similar to that 
of (A) or (Y); therefore the hypothesis that this 
factor is exclusively a Yes-response factor is 
rejected. 

This factor, (PRS), contributes to the vari- 
ance of the practice teaching rating (PTR), but 
the factor (Int) apparently contributes to a great- 
er degree. Although (PRS) contributes to both 
the Yes-response (Y) and (PTR), the assump- 
tion that a Yes-response set underlies the prac- 
tice teaching rating to any substantial degree 
cannot be accepted, not only because of low 
loadings on this factor, but because (Y) seems 
to be an artifact of the test construction. 

The hypothesis that an affirmative response 
set to any stated problem is the predominant 
characteristic of this factor was not sustained 
because the set failed to operate in variable 
(WT). The alternative hypothesis that this fac- 
tor is characterized by a response set to prob- 
lems actually felt by the student is accepted. 
Variable (MTS), indicating the total number of 
problems responded to by college students, sup- 
ports this hypothesis on the basis of its high 
loading. 
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Common Factor: (PM) Professional Maturity 





The variables having significant loadings on 
this factor are as follows: 


8 (PGPA) . 54 
9 (TGPA) 31 
11 (M) . 43 
20 (Mf) . 48 
23 (WPJE) . 47 


(PGPA) is of complexity two, but its highest 
loading occurs on this factor. The interpreta- 
tion of this factor is not difficult with the excep- 
tion of the incongruity existing between (PGPA) 
and (TGPA). (TGPA) has been reflected twice 
so that now a high score is indicative of good 
grades. (PGPA) has been reflected only once 
and a high score indicates poor grades in edu- 
cation courses. This disparity in senses most 
likely was a consequence of fundamental differ - 
ences between the professional experiences 
furnished to students in education courses and 
the experiences they acquired in courses out- 
side of the professional education curriculum. 

The four traits which may be considered as 
characterizing this factor are: youthfulness, 
undifferentiated interest pattern, poor profes- 
sional educational judgment, and low grades in 
education courses. The traits cluster around 
a quality which seems to be essentially maturity 
as related to professional education. The find- 
ings suggest that feminine interest patterns are 
accentuated among older female students, among 
female students showing better professional 
judgment. Further investigation in this area 
is warranted. The masculinity-femininity in- 
terest pattern of an individual might prove to 
be a valuable clue in selecting, guiding, and 
counseling prospective teachers. This factor 
has been named ‘‘Professional Maturity’’ on 
the basis of considering the positive senses of 
the four characterizing traits. 


Common Factor: (Int) Introversion 





The variables having significant loadings on 
this factor are as follows: 


18 (PTR) . 49 
19 (Ma) . 37 
21 (D) . 97 
22 (IE) . 68 


(PTR), the practice teaching rating, is of 
complexity two and (IE), Social Introversion- 
Extroversion, is of complexity four. These 
variables were included in the set because their 
loadings appear highest on this factor. (Ma), 
Hypomania, has been reflected so that a high 
score is indicative of the sense opposite to over- 
activity. Whether this sense may be taken to 
mean underactivity or not is difficult to say. It 
would seem that this interpretation may be made 
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because of its association with a state of depres- 
sion. 

The naming of this factor is quite specula- 
tive. Apparently, the three MMPI scales are 
measuring similar areas of personality rather 
than independent areas. Lack of teaching abil- 
ity as measured by (PTR) agrees with the MMPI 
scales because teaching requires an extrover- 
tive individual. Accordingly, the interpretat- 
tion that this factor primarily is related to in- 
troversion may be accepted. 


Common Factor: (SA) Social Adjustment 





The variables having significant loadings on 
this factor are as follows: 


2 (P) .65 
3 (S) . 46 
5 (I) . 40 
6 (WT) .90 
10 (BTAT) . 55 


Excluding (C), Control, which has an insig~- 
nificant communality and (A), Alienation, which 
appears on common factor (PRS), the loadings 
of this factor chiefly are peculiar to the WSAI. 
(BTAT), attitude toward teaching, is commen- 
surate with attitudes towards life in general 
expressed by the WSAI variables. High scores 
are obtained by prospective teachers who lack 
purpose, a sympathetic attitude, sense of social 
membership, and who tend to be impulsive. 
That such individuals may countenance unfavor- 
able attitudes towards teachers and the teaching 
profession is an outcome which may be expect- 
ed. Therefore, this factor may be interpreted 
as Social Adjustment. 

As in the case of the Mooney Problem Check 
List and the Minnesota Multiphasic Personality 
Inventory, the subparts of the WSAI are quite 
homogeneous in that, with one exception, they 
fail to separate factorially. Alienation is the 
only subtest, apparently, that measures a dif- 
ferent aspect of personality. 


Common Factor Conclusions 





From the preceding results, it may be seen 
that four common factors definitely emerge. 
The intercorrelations of these factors (8, Table 
A20) disclose that the association between a 
response set to felt problems is independent of 
a student’s professional maturity, and may 
also be considered as quite unrelated to the de- 
gree of social adjustment. The negative rela- 
tionship between the response factor and intro- 
version indicates that a student who tends to- 
wards introversion is not inclined to admit 
problems. Professional maturity shows unre- 
latedness to introversion, but a negative cor- 
relation with social adjustment. This latter 
relationship is difficult to account for, but may 
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be a result of the time interval during which 
the various tests were administered. The high 
correlation between the introversion factor and 
the social adjustment factor is a natural con- 
sequence of similarity in personality traits. 

The size of the communality of a test may 
be taken as an index of discriminative power 
because it indicates the percent of the variance 
of the test accounted for by the common factors. 
When tests are of complexity one, this index 
becomes particularly useful for identifying tests 
which possess good discriminating value rela- 
tive to single factors. The high communalities 
(See Table A20) of (WT) and (MTS) suggest 
that these composite measures have better dis- 
criminative value relative to factors (SA) and 
(PRS) than have the subtests which make up the 
composite measures. (D) and (IE) possess 
good analytical qualities with respect to factor 
(Int). This means that (WT), (MTS), (D), and 
(IE) will serve as better measuring instruments 
of their respective factors than the other tests 
used in this analysis. 

Whether other common factors are present 
in the matrix of residual correlations is ques- 
tionable. The criteria previously accepted in- 
dicated that further factorization seemed un- 
wise, but the sizes of the residuals do not pre- 
clude additional common factors. Inasmuch as 
the results of the analysis provide answers to 
the questions originally asked, further factor- 
ing seemed unnecessary. 


Conclusions 


This analysis indicates that four common 
factors were resident in the table of intercor- 
relations observed between twenty-four meas- 
ures investigated. These factors were named: 


Problems Response Set (PRS) 
Professional Maturity (PM) 
Introversion (Int) 
Social Adjustment (SA) 


Orthogonality was not imposed on these fac- 
tors and, accordingly, various degrees of re- 
latedness exist between them. In general, the 
factors failed to cut across the personality 
areas measured by the Washburn Social Adjust- 
ment Inventory, Mooney Problem Check List, 
and the Minnesota Multiphasic Personality In- 
ventory. This indicates that these instruments 
are measuring different aspects of personality. 
Substantial homogeneity was found among the 
subtests of each of the three instruments. The 
inference may be made that the subtests in any 
one instrument generally are measuring the 
Same areas. Refinement of experimental de- 
sign, however, may factorially separate the 
subtests. 

It seems that professional grades are affect- 
ed by a professional maturity factor and a soc- 
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ial adjustment factor, but the total grade point 
average is affected by the professional matur- 
ity factor only. 

Attitude towards teachers and the teaching 
profession reflects a general social adjustment 
attitude. There was lack of sufficient evidence 
to indicate that a Yes-response set was related 
in any substantial degree to the practice teach- 
ing rating. 


SECTION V 
FACTOR ANALYSIS OF MALE SCORES 


The intercorrelations of the male scores ap- 
pear below the principal diagonal of Rm in Table 
B1 of Appendix B. Variables 8, 9, 10, and 11 
were reflected prior to entry in Ry- The num- 
ber of cases upon which the coefficients were 
based appear below the principal diagonal. 

The development of a primary axes solution 
for the male scores was similar to the proced- 
ure used in factoring the female scores. 

Adjusting communality estimates several 
times and reproducing the correlation matrix 
with two common factors produced residual 
correlations which were within sampling error 
of the original correlation. The distribution of 
the residual correlation had a mean -0. 002 and 
standard deviation of 0.147. This compared 
not unfavorably with the distribution of a zero 
correlation for the number of cases involved. 
The fit of two common factors in this analysis 
was not as satisfactory as that in the female 
analysis, but the criteria had indicated that any 
factors beyond two would encroach into specific 
factor space. 


Interpretation of the Male Factor Matrix 





Two common factors which emerged from 
the male correlations were essentially orthog- 
onal by virture of the negligible correlation be- 
tween the ftwo factors. Consequently, the 
structure and pattern matrices were similar 
and interpretation could be made from either. 
The pattern values greater than 0. 30 were 
rounded to two digits to the right of the decimal 
point and were expressed in the matrix Py. 
(Table B2). Interpretation will be made from 


Comparison of Py with Vp of the female an- 
alysis shows a male factor pattern which is 
less decisive and commanding than that of the 
female pattern. The dissimilarity between the 
two solutions, for the most part, probably is a 
result of sex differences. However, the limited 
sizes of the samples in both analyses probably 
also operated in some indeterminable degree to 
cause disparate results. 


(Vol. XVII 


Common Factor: (SEA) Social and Educational 
Adjustment 


The variables having significant loadings on 
this factor are as follows: 





2 (P) . 62 
3 (S) . 50 
n (WT) 1. 00 
8 (PGPA) . 36 
9 (TGPA) . 32 

10 (BTAT) 43 

il (PTR) .33 


(WT) manifests an impossible communality. 
As explained in Section IV, variables which are 
a composite of several other variables in a set 
frequently exhibit this property. In these cases 
it is best to consider the communality as slight- 
ly less than unity. 

(P) Purpose, (S) Sympathy, and (WT) the 
Washburne subtotal are aligned with the educa- 
tional measures. This indicates that a male 
student’s purpose and general social adjust- 
ment are related factorially to his educational 
career. The factor has been anmed Social and 
Educational Adjustment. 


Common Factor: (PPF) Personality-Psychol- 
ogical Factor 





The variables which have significant load- 
ings on this factor are as follows: 


1 (c) .63 

4 (A) . 62 

7 (Y) .37 
12 (FLE) 44 
13 (SRA) . 48 
14 (SPR) . 85 
15 (PPR) . 96 
16 (ACW) .53 
17 (FVE) . 66 
21 (D) . 30 
22 (IE) . 42 
24. (MTS) 91 


All variables on this factor except (Y) pur- 
portedly are measures of a personality or psy- 
chological nature. The inclusion of the Yes- 
response variable poses question whether all 
measures are a Yes-response set, or whether 
(Y) has a significant loading by virtue of the 
construction of the items of the WSAI. Insuf- 
ficient evidence is available for a definite an- 
swer. It would seem that this factor actually 


is related to the personality and psychological 

traits of students and that the Yes-response set 
results from the preponderance of Yes-respon- 
ses required to obtain a high score in (A) Alien- 





ation and (C) Control. As in (A), (C) requires 
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a larger number of Yes-responses than No-re- 
sponses for a high score. This compels (Y) to 
have a factor pattern similar to (A) and (C), 
thereby negating the plausibility of the factor 
being exclusively a Yes-response set factor. 

This factor has been called ‘‘Personality- 
Psychological Factor. ’’ 


Conclusions 


Two orthogonal common factors emerged 
from the matrix of intercorrelations of the male 
scores. It may be concluded that female and 
male students differ factorially relative to the 
instruments used in this study. The Mooney 
Problem Check List variables, the Minnesota 
Multiphasic Personality Inventory Scales and 
(C) and (A) of the Washburne Social Adjustment 
Inventory measure the same personality dimen- 
sion of the male students. A male student’s ad- 
justment in purpose and sympathy apparently 
lie in the same area of personality as various 
educational instruments such as grades, atti- 
tudes toward teachers and the teaching profes- 
sion, and practice teaching ability. This im- 
plies that a male student who gets good grades 
in education as well as in general courses is 
likely to exhibit good teaching skill and possess 
a favorable attitude towards teaching as a car- 
eer. 

On the basis of the size of the communality, 
the number of problems to which a male student 
responds in the area Personality-Psychological 
Relations of the Mooney Problem Check List 
serves as the best discriminating measure of 
the factor (PPF). The Washburne subtotal 
score (WT) is the best measure of the second 
factor, (SEA). 


SECTION VI 
SUMMARY 


Statement of the Problem 





The purpose of this investigation was to de- 
termine with factor analysis if a few common 
factors might adequately summarize areas of 
personality, achievement, and abilities of pros- 
pective teachers frequently measured by educa- 
tional and psychological instruments. Comple- 
mentary to this general objective, the factorial 
nature of parts of the measuring instruments 
were to be analyzed relative to female and male 
student differences. 


Measures Used in the Analyses 





Twenty-four variables were used in these 
analyses. Seven variables were derived from 
the Washburne Social Adjustment Inventory; 
seven were derived from the Mooney Problem 
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Check List; and four scales of the Minnesota 
Multiphasic Personality Inventory were used. 
The remaining six variables were personal data 
measures obtained from the student files. 


Procedure of the Analyses 





Numerical descriptions of the twenty-four 
traits of 51 temale students and 51 male stu- 
dents in the School of Education were intercor- 
related. Each correlation matrix was factored 
by the multiple group method. The determina- 
tion of the number of common factors was based 
on three criteria: examination of a geometrical 
projection of the traits configuration, an inverse 
matrix test, and the size of the residual correl- 
ations. 

The initially obtained oblique structures 
were rotated directly to primary structures. 
Interpretation was made from the primary struc- 
ture in the female analysis and from the primary 
pattern in the male analysis. 


Common Factors Found in the Female Analysis 





Four oblique common factors were found to 
encompass the intercorrelations of traits of the 
female group. The common factors and the 
traits having loadings acceptable for interpret- 
ing the nature of the factors were found to be: 


I Problems Response Set: Alienation; Yes- 
response; Problems in Finances, 
Living Conditions, and Employment; 
Problems in Social and Recreational 
Activities; Problems in Social-Psy- 
chological Relations; Problems in 
Personal- Psychological Relations; 
Problems in Adjustment to College 
Work; Problems concerning the fu- 
ture—Vocational and Educational; 
Total Number of Problems. 


II_ Professional Maturity: Professional Grade 
Point Average; Total Grade Point 
Average; Age; Masculinity-Femin- 
inity Interest; Wright Professional 
Judgment Examination. 


Il Introversion: Practice Teaching Rating; 
Hypomania; Depression; Social Intro- 
version-Extroversion. 


IV Social Adjustment: Purpose; Sympathy; 
Impulse-Judgment; Washburne Sub- 
total; Best’s Teacher Attitude Test. 


Using the size of the communality as a cri- 
terion for identifying measuring instruments 
having high discriminative value, the total num- 
ber of problems to which female students re- 
spond on the Mooney Problem Check List proved 
to be the best single test for discriminating in- 











dividual differences relative to the problems re- 
sponse set factor. No really good measure of 
the professional maturity factor developed. The 
Depression scale of the Minnesota Multiphasic 
Personality Inventory was the best measure of 
the introversion factor. The Washburne sub- 
total score was found to be the best discrimin- 
ating measure of the social adjustment factor. 
The correlation between factors I and III in- 
dicates that an introvertive student does not re- 
spond as readily to stated problems as a student 
who is more extrovertive. Time lapse of ad- 
ministration of tests may account for the nega- 
tive relationship appear between factors II and 
IV. The strong positive relationship between 
factors II and IV indicates an underlying second 
order factor probably of a psychological nature. 


Common Factors Found in the Male Analysis 





Two orthogonal common factors emerged 
from the intercorrelations of traits of the male 
students. Interpretation was less conclusive 
than interpretation made from the female anal- 
ysis. 

The common factors and the traits having 
loadings acceptable for interpreting these fac- 
tors were found to be: 


I Social and Educational Adjustment: Purpose; 
Sympathy; Washburne Subtotal; Pro- 
fessional Grade Point Average; Total 
Grade Point Average; Best’s Teach- 
er Attitude Test; Practice Teaching 
Rating. 


II_ Personality-Psychological Factor: Control; 
Alienation; Yes-response; Problems 
in Finances, Living Conditions, and 
Employment; Problems in Social 
Recreational Activities; Problems in 
Social- Psychological Relations; Prob- 
lems in Personal-Psychological Re- 
lations; Problems in Adjustment to 
College Work; Problems concerning 
the future—Vocational and Education- 


318 JOURNAL OF EXPERIMENTAL EDUCATION 





(Vol. XVI 


al; Depression; Social Introversion- 
Extroversion; Total Problems (Moon- 
ey). 


The Washburne subtotal score possessed the 
greatest discriminative value for measuring the 
social and educational factor; and the Personal- 
Psychological Relations section of the Mooney 
Problem Check List provided the best measure 
of the personality-psychological factor. 


Conclusions 


Relative to the female students in this study, 
the Washburne Social Adjustment Inventory, 
Mooney Problem Check List, and certain scales 
of the Minnesota Multiphasic Personality Inven- 
tory, in general, do not measure the same per- 
sonality dimensions. A professional maturity 
factor relates the grades and professional teach- 
ing judgment of female students with age and 
interest patterns characteristic of women. A 
female student who is introvertive and depressed 
will tend to exhibit poor teaching skill as rated 
by an experienced teaching critic. Female stu- 
dents reflect the same attitudes towards teach- 
ers and the teaching profession as they have 
towards society in general. 

The factor pattern of the male students shows 
a marked discrepancy from that of the female 
students. Less decisive interpretations can be 
made from the male analysis. The Mooney 
Problem Check List and certain scales of the 
Minnesota Multiphasic Personality Inventory 
failed to separate on different factors. The ed- 
ucation measures seem to be related with a 
male student’s sense of sympathy and purpose 
in life, whereas none of the education meas- 
ures seem related to the tendency to respond 
to stated problems or abnormal psychological 
traits. 

In these analyses, a Yes-response set, and 
consequently the tendency towards the quality 
of being a ‘‘yes-man’’, was not found to under- 
lie to any substantial degree either good grades 
or favorable practice teaching ratings. 
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A STUDY OF LATERALITY CHARACTER: 
ISTICS OF RETARDED READERS AND 


READING ACHIEVERS 


LINDA C. SMITH 
Temple University 
Philadelphia, Pennsylvania 


THE PROBLEM AND ITS SCOPE 


This investigation is an attempt to determ- 
ine to what degree laterality test findings can 
be used to differentiate between retarded read- 
ers and reading achievers. For this study, 
data were obtained on each of the following 
questions: 


1. Do parents of retarded readers differ from 
parents of reading achievers in regard to hand 
preference? 

2. Do the developmental histories reveal dif- 
ferences between retarded readers and reading 
achievers in regard to change of hand prefer- 
ence? 

3. To what extent do retarded readers and 
reading achievers differ in hand preference as 
evidenced by: 

a. strength? 
b. dexterity? 

4. To what extent do retarded readers and 
reading achievers differ in foot preference as 
evidenced by kicking? 

5. To what extent do retarded readers and 
reading achievers differ in eye preference as 
evidenced by: 

a. sighting at distance? 

b. convergence at near point? 

c. acuity of vision at far point? 
d. acuity of vision at near point? 

6. To what extent do retarded readers and 
reading achievers differ in ear preference as 
evidenced by: 

a. choice of ear in listening? 
b. acuity of hearing? 

7. To what extent do retarded readers differ 
from reading achievers in regard to combina- 
tions of hand and eye preference? 

8. To what extent do retarded readers differ 
from reading achievers in the performance of 
mirror drawing? 

9. To what extent do retarded readers and 
reading achievers differ in reversal tendencies 
as evidenced by: 

a. copying lower case letters? 
b. reading lower case letters? 
10. Do the findings from the Van Riper test of 





‘‘Central’’ Dominance (61) differentiate between 
retarded readers and reading achievers? 


Justification of the Study 





The justification of this study is threefold. 
First, there is a need for data on the relation- 
ship between indices to laterality and lack of 
achievement in reading. Second, the findings 
of this study should have value for the classroom 
teacher who deals with the causes of reading 
deficiencies. Third, this study should have im- 
plications concerning the use and interpreta- 
tion of certain laterality tests in clinical situ- 
ations. 


Limitations of the Study 





Experimental Design. This study is a sur- 
vey of two groups from the same population. 
They were matched on the basis of chronolog- 
ical age and intelligence quotient, and differed 
in respect to reading quotient. The intelligence 
quotient was determined by means of the 1937 
Revision of the Stanford-Binet Test of Intelli- 
gence!; the reading quotient, by the Alice Horn 
formula (27): 





R.Q. = R.A. 
(2 M.A. +C. A.) +3 
The Population. One hundred subjects were 


used. 


1. Sex. Only white males were used in this 
study. 

2. Age. The chronological age range was from 
9 to 11 years, inclusive. 

3. Intelligence. The intelligence quotient range 
for retarded readers was from 90 to 131; for 
reading achievers, from 90 to 125. 

4. Reading Quotient. The reading quotients of 
the retarded readers ranged from 69 to 88; 
of the reading achievers, from 100 to 120. 

5. School Experiences. The cases selected for 
the study were obtained from Grades Three 
to Five, inclusive. Previous school exper- 
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iences met three criteria: 

a. Instruction had been given in typical 
classroom situations. 

b. Classroom enrollment had not ex- 
ceeded fifty. 
- School attendance had been regular. 

6. vanguae Background Only children from 

—— homes were considered in 


7. nn The subjects were se- 
lected from Camden, New Jersey, and Phil- 
adelphia and its suburbs. They represented 
six parochial schools and twenty-one public 
schools. 


Laterality Tests. In addition to pupil and 
parent interviews, twenty-seven tests were 
given and the scores recorded. Certain obser- 
vations of test performance were made. 


1. Peripheral Dominance 
a. Eleven tests of hand preference 
b. Two tests of foot preference 
c. Eight tests of eye preference 
d. Two tests of ear preference 
2. Mirror Drawing 
3. Two tests of reversals 
4. The Van Riper Test o1 ‘‘Central’’ Dominance 


Statistical Procedures. Small sampling an- 
alysis techniques were employed throughout this 
study. Fisher’s t was used for matching the 
two groups in this study. Chi square was used 
on results of laterality tests. When the obser- 
ved difference was found to be significant at the 
one percent level, tetrachoric r was used to 
substantiate the finding. 


Terminology 


Retarded Readers. For the purpose of this 
study a retarded reader is one who: 


1. Achieved a score of less than 50 percent on 
an isolated word recognition test for grade 


one. 

2. Achieved a comprehension score of less than 
60 percent on a reading selection for grade 
one. 

3. Achieved a score of 70 percent or better on 
an informal hearing comprehension test for 
his instructional grade. 


Reading Achievers. A reading achiever is 
herein regarded as one who has a reading quo- 
tient of 100 or above as determined by the Alice 
Horn formula (27). 


REVIEW OF KINDRED LITERATURE 


Conflicting concepts have long obtained con- 
cerning the possible relationship between cere- 
bral dominance and laterality of function. The 
association of these two factors is not yet ade- 
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quately understood. 
Peripheral Dominance 


1. Hand preference was recognized as early 
as 1100 B.C. (30). 

2. Handedness has been classified as being 
either native or acquired. The possible con- 
ditions of hand preference are right and left 
handedness and ambidexterity (46). 

3. No proof has been established to show that 
inheritance does not affect dominance. It is 
probable that a combination of inheritance and 
of social intiuences determines the laterality 
characteristics of each individual (46). 

4. Hand preference has been given a major 
portion of attention in the literature. 

a. Left handedness predominates in some 
families (5). Whether this is due to 
inheritance, or to association with 
left handed members of the family, 
remains undetermined. 

b. It is generally conceded that about 
six percent of the population are left 
handed. However, the reports on 
this factor vary from two percent to 
forty percent (1, 5, 7, 31). 

c. Forced change of handedness may be 
accompanied by (1) mirror writing 
and reversals, (2) disturbance of 
emissive language, (3) fatigue, or 
(4) emotional disturbance (5, 21, 41, 
56). 

d. Hand preference first appears toward 
the end of the first year of infancy 
(19). Marked increase of preference 
occurs at periods when the finer 
muscles are being trained, as in writ- 
ing (36). 

e. There appears to be some correlation 
between intelligence and degree of 
hand preference, more ambidexter- 
ity being found among the backward 
and feebleminded (5, 37). 

f. Conflicting evidence obtains as to 
whether girls and boys differ in re- 
gard to hand preference (5, 15, 36, 
38, 56). 

g. The possibility that left hand prefer- 
ence may be a result of emotionality 
has been suggested (2). The weight 
of evidence points, rather, to emo- 
tional disturbance as an indirect re- 
sult of left handedness (5, 21, 35). 

h, Evidence of possible relationship be- 
tween handedness and language func- 
tion has been advanced (5, 21, 35). 


(1) A developmentai relationship be- 
tween speech and laterai domin- 
ance is suggested by the fact that 
they begin to develop coincident- 
ally (36). 

(2) There is much evidence of a lack 
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of association between reading 

and hand preference (13, 18, 22, 

64, 66). However, more ambi- 

dexterity has been found among 

retarded readers than among good 

readers (11, 40). 

(3) There appears to be a causal re- 
lationship between gain in facility 
in writing and decrease in ambi- 
dexterity (5, 57). 

(4) The controversy concerning the 
possible relationship between 
speech disturbance and conditions 
of dominance is unsettled (36). 

(a) Stuttering has been observed 
to develop during the periods 
which mark the greatest devel- 
opment of hand preference: 
from two to three years and at 
about the sixth year (45). 

(b) That speech is not affected by 
conditions of handedness is 
maintained by certain investi- 
gators (5, 46). 

(c) Another assertion is that 
among mixed handedness groups, 
and where laterality of eye and 
hand are crossed, more speech 
defects are found (43). 

(d) Emotionality caused by disturb- 
ance of natural hand preference 
may, in turn, cause difficulty 
with speech emission (5, 21). 

(e) Precautions should be taken 
against emotional strain if 
change of handedness is under- 
taken (21). 


5. Man usually has a preferred foot (29). 
Tests of foot preference have frequently been 
included in batteries of laterality tests (15, 22, 
50). The significance of foot preference has not 
been extensively treated. Its interpretation has 
been found difficult (50). 

6. Eye dominance as a single factor does not 
exist. Several factors of eye preference have 
been studied (62). 

a. In the sixteenth century, the Porta 
staff was devised to test the sighting 
eye (7). 

b. The eye which is dominant for sight- 
ing is not always dominant in other 
respects (34, 62). 

c. Monocular preference varies with 
distanceof fixation (31). 

d. Claims have been made that there is 
correspondence of function between 
eye and hand (28). It has been asser- 
ted that this relationship is a causa- 
tive one (9, 20, 46). This theory has, 
however, been questioned and evi- 
dence offered against its acceptance 
(33, 51). 
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e. Eye preference and intelligence have 
been found to be unrelated (6). 

f. For many, ocular dominance is not 
established until the third year (58). 
Monocular tendencies increase with 
age (7, 51). 

g. Retarded readers have been reported 
to evidence a predominance of left 
eye preference and of mixed ocular 
dominance (11). In conflict with this 
report, however, evidence has been 
offered of a lack of relationship be- 
tween ocular dominance or mixed 
hand-eye dominance and reading a- 
chievement (13, 18, 64, 66). 

h. A difference in space sense between 
the two halves of the retina has been 
reported (7, 54). It has been sugges- 
ted that handedness may result from 
this inequality of space sense (54). 

i. Superior readers have been found to 
excel defective readers in percep- 
tion in the left visual field (8). 

j. Attempts have been made to deter- 
mine whether there is a relationship 
between hand preference and prefer- 
ential position for attention getting 
within the visual field (4, 14). 

k. There is a tendency to minimize eye 
preference as a factor related to 
reading achievement (16). 


7. Hearing acuity seems unrelated to hand 
preference, while the ear used for listening 
seems to correspond with the preferred hand 
(31). 


Veering 


Veering appears to be more closely associ- 
ated with structural dominance than with later- 
ality of function as evidenced by hand and eye 
preference (32). 


Mitror Drawing and Reversals 








1. Mirror drawing has some value as a test 
of emotional stability (47). 

2. Several viewpoints concerning reversals 
are expressed in the literature. 

a. It has been claimed that the tendency 
to make reversals is associated with 
ambidexterity, left eye preference, 
change of hand or eye preference, 
and with mixed hand and eye prefer- 
ence (11, 12). It has also been claim- 
ed that there are no more reversals 
among children with mixed dominance 
than among other children (17, 39). 

b. Dominance does not seem related to 
degree of reversal tendencies (17). 

c. It has been reported that left handed 
children evidence a preference for 
right-left direction (42). 
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d. Ability in mirror reading and tend- 
ency toward making reversals are 
found to be more prevalent among re- 
tarded readers than among good 
readers (11, 44). 

e. Confusion of identical elements and 
transfer of elements within a com- 
plex series have been suggested as 
causes of what appear to be rever- 
sals (48). 

f. Evidence has been offered that rever- 
sals are largely a matter of stages 
of development (10, 24, 55, 65). 


Theories of ‘‘Central’’ Dominance 





The following theories concerning ‘‘central’’ 
dominance have been successively asserted 
Since the early nineteenth century. 


1. Some relationship exists between cerebral 
lesions and retention of function (23). 

2. The crossing of the pyramids, or bundles 
of motor nerves, accounts for retention of func- 
tion on the opposite side to the lesion (23). 

3. The left hemisphere controls speech (63). 

4. Automatic speech responses are repre- 
sented in both hemispheres (63). 

5. The memory center for letters and words 
is in the same hemisphere as the motor center 
for speech and writing (25). 

6. Aphasic disorders may be classified as 
(1) verbal, (2) syntactical, (3) nominal, and 
(4) semantic (23). 

7. Both hemispheres are active in many 
speech performances (63). 

8. Man can be left brained for hand skills 
and right brained for speech skills (63). 

9. Speech functions employ the unified activ- 
ity of many cerebral areas (63). 

1vu. Localization of brain destruction is more 
important than amount of tissue destroyed (45). 

11. One cerebral hemisphere controls speech 
and manual dexterity while the other hemisphere 
is useless or unused (45). 

12. Specialized control is found only in langu- 
age faculty and in intricate manual skills (45). 

13. Peripheral retinal fields are organized 
as crossed but independent mechanisms (45). 

14. There are three levels of complexity with 
which the brain makes use of incoming data (45). 

a. Cortical blindness or cortical deaf- 
ness can result from bilateral injury 
to appropriate areas controlling the 
first level (45). 

b. Mind blindness or mind deafness can 
result from injury to appropriate 
areas, in both hemispheres, controll- 
ing the second level (45). 

c. Word deafness or word blindness can 
be caused by injury to appropriate 
areas in only one hemisphere (45). 
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15. Laterality becomes more pronounced as 
encephalization of function takes place (3). 

16. Some people form engrams almost equal- 
ly well in either cerebral hemisphere (41). 

17. Eleven subdivisions of the cerebral hem- 
isphere comprise the functional area for asso- 
ciation. These subdivisions are in pairs. The 
degree to which laterality has been developed 
varies from pair to pair. The extent and de- 
gree of dominance also varies with the individ- 
ual (41). 


Van Riper Test of ‘‘Central’’ Dominance 





The Van Riper critical angle board was de- 
vised as a test of laterality. Patterns were 
drawn bimanually on opposite sides of a verti- 
cal form board at various angles. This test 
served to distinguish between children who were 
ambidextrous and those who evidenced distinct 
hand preference. Van Riper assumed that a- 
symmetry of function as demonstrated by per- 
formance on the critical angle board was the 
result of asymmetrical functioning of the cere- 
bral hemispheres. He did not, however, at- 
tempt to interpret his test findings in terms of 
neurological conditions represented thereby 
(59, 60, 61). 


SUMMARY OF RESULTS 


1. There was no significant difference be- 
tween the hand preference of parents of retard- 
ed readers and the hand preference of parents 
of reading achievers as reported in interviews. 
Left hand preference was claimed for 11 per- 
cent of the parents of retarded readers, and for 
10 percent of the parents of reading achievers. 

2. Change of handedness had been experi- 
enced by more retarded readers than reading 
achievers. Change to use of the right hand was 
reported by 12 percent of the retarded readers 
and by 4 percent of the reading achievers. No 
changes from right to left hand were reported. 
The numbers of cases in some categories were 
so minute that chi square was not used. 

3. The tests of hand preference did not dif- 
ferentiate between retarded readers and reading 
achievers. 

a. When strength of grip was used as a 
criterion, there was no significant 
difference between retarded readers 
and reading achievers. Right hand 
preference was evidenced by 92 per- 
cent of the retarded readers and by 
90 percent of the reading achievers; 
left hand preference, by 8 percent of 
the retarded readers and by 6 percent 
of the reading achievers. 

b. On the basis of dexterity, no signif- 
icant difference was found between 





retarded readers and reading achiev- 
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ers. In no case was the difference 
found to be significant at the 1 per- 
cent level. 


. On the basis of eleven tests of hand 


preference, the classification of re- 
tarded readers was: 92 percent right; 
8 percent left. The reading achiev- 
ers were classified as 86 percent 
right; 14 percent left. This differ- 
ence is not statistically significant. 


4. On the basis of two tests of kicking, no 
statistically significant difference was found 
between retarded readers and reading achiev- 
ers in foot preference. The ciassiticatuon of 
the retarded readers was found to be 80 per- 
cent right, 8 percent left, 12 percent ambi; 
of reading achievers, 78 percent right, 8 per- 
cent left, and 14 percent ambi. 

5. On the basis of eight tests, including four 
types of tests used to measure eye preference, 
no significant difference was found between re- 
tarded readers and reading achievers. 

a. On the basis of each of five sighting 


tests, the difference between retard- 
ed readers and reading achievers 
was too small to be significant. On 
the basis of all five sighting tests, 
the classification of the retarded 
readers was 58 percent right and 42 
percent left; of the reading achievers, 
66 percent right and 34 percent left. 
This difference is not statistically 
significant. 


b. On the basis of the test of near point 


of convergence, no significant differ- 
ence was found between retarded 
readers and reading achievers. The 
eye preference of retarded readers 
was found to be 60 percent right and 
40 percent left; of reading achievers, 
62 percent right and 38 percent left. 
This difference is not statistically 
significant. 


. On the basis of visual acuity at far 


point, no significant difference in eye 
preference was found between retard- 
ed readers and reading achievers. 
The classification of retarded readers 
for eye preference on this basis was 
12 percent right, 18 percent left, and 
70 percent ambi. For reading achiev- 
ers, the classification was 20 percent 
right, 20 percent left, and 60 percent 
ambi. This difference is not statis- 
tically Signuicant. However, a much 
greater loss of visual acuity at far 
point was present among reading a- 
chievers than among retarded read- 
ers. This was true for both left and 
right eyes. 


. There was no significant difference 


between retarded readers and read- 
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ing achievers on the basis of the test 
of visual acuity at near point. Based 
on this test, the classification of re- 
tarded readers as to eye preference 
was 4 percent right, 12 percent left, 
and 84 percent ambi; of reading a- 
chievers, 14 percent i:ght, 8 percent 
left, and 78 percent ambi. This dif- 
ference is not statistically significant. 


6. On the basis of two tests of ear preference, 
no significant difference was found between re- 
tarded readers and reading achievers. 


On the basis of the ear used in listen- 
ing, the classification of retarded 
readers was 46 percent right and 54 
percent left. The classification of 
reading achievers was 64 percent 
right and 36 percent left. This dif- 
ference is not statistically significant. 


. On the basis of auaitory acuity find- 


ings, no significant difference in lat- 
erality was found between retarded 
readers and reading achievers. The 
ear preference of retarded readers 
was found to be 30 percent right, 40 
percent left, and 30 percent ambi; of 
reading achievers, 12 percent right, 
22 percent left, and 66 percent ambi. 
This difference is not statistically 
significant. The average hearing 
loss of retarded readers was greater 
for both left and right ears than was 
that of reading achievers. 


7. On the basis of all the tests of hand prefer- 
ence and eye preference given, very small dif- 
ferences were found between retarded readers 
and reading achievers. 

a. 


Right eye and right hand preference 
were evidenced by 54 percent of the 
retarded readers and by 58 percent 
of reading achievers. 


. Left eye and left hand preference were 


evidenced by 2 percent of the retarded 
readers and by 6 percent of the read- 
ing achievers. 


. Right eye and left hand preference 


were evidenced by 6 percent of the 
retarded readers and 8 percent of the 
reading achievers. 


. Left eye and right hand preference 


were evidenced by 34 percent of re- 
tarded readers and 24 percent of 
reading achievers. 


. Ambi eye and right hand preference 


were evidenced by 4 percent of the 
retarded readers and by 4 percent 
of the reading achievers. 


The frequencies in several of the categories 


small to admit of the use of chi square 


on the findings concerning combinations of hand 
preference and eye preference. 
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8. On the basis of mirror drawing findings, 
no significant difference was found between re- 
tarded readers and reading achievers. Of the 
retarded readers, 36 percent reproduced the 


‘mirror pattern faster with the right hand; 64 


pexcent, with the lett. U1 tne reading achievers, 
28 percent performed faster with the right hand; 
72 percent, with the left. This difference is not 
statistically significant. In accuracy of mirror 
drawing, the classification of retarded readers 
and reading achievers was identical: 48 percent 
right, 50 percent left, and 2 percent ambi. 

9. On the pasis of reversals, a significant 
difference was found between retarded readers 
and reading achievers. 

a. Very few reversals were made in 
copying letters. For that reason, 
the results of this test were consid- 
ered negligible. 

b. On the basis of reading lower case 
letters, a significant difference was 
found between retarded readers and 
reading achievers. Some reversals 
were made by 86 percent of the re- 
tarded readers; no reversals, by 14 
percent. Of the reading achievers 
22 percent made some reversals; 78 
percent, no reversals. This differ- 
-ence is statistically significant. 


10. On the basis of the Van Riper Test of 
‘‘Central’’ Dominance, a significant difference 
was found between retarded readers and reading 
achievers. 

a. When each individual was classified 
according to the hand more frequently 
used for reversal at the critical angle, 
the difference between retarded read- 
ers and reading achievers was very 
small. The classification of retard- 
ed readers was 68 percent left, 26 
percent right, and 6 percent ambi; of 
reading achievers, 76 percent left, 

22 percent right, and 2 percent ambi. 
Tne frequencies in some categories 
were too small to admit of the use 

of chi square. 

b. On the basis of cumulative frequen- 
cies of reversals with each hand at 
the critical angle, the difference be- 
tween retarded readers and reading 
achievers was found to be significant 
at the 2 percent level. 

c. On the basis of cumulative frequen- 
cies of reversals with each hand at 
the critical angle for each of four 
types of patterns separately, no sig- 
nificant differences was found be- 
tween retarded readers and reading 
achievers. The types of patterns 
were tactile-kinaesthetic, kinaesthet- 
ic-kinaesthetic, auditory-kinaesthetic, 
and visual-kinaesthetic. 





(Vol. XVII 


d. No statistically significant difference 
was founa petween retarded readers 
and reading achievers as to the hand 
used for reversal at the critical 
angle when that angle was 180, 240, 
or 300 degrees. At the critical angle 
of 360 degrees, the retarded readers 
reversed 114 times with the right 
hand and 84 times with the left; the 
reading achievers, 83 times with the 
right hand and 120 times with the 
left. This difference is significant 
at the one percent level. 


CONCLUSIONS 


Within the limitations of this study, the fol- 
lowing conclusions appear to be valid: 


1. Parents of retarded readers do not differ 
significantly from parents of reading achievers 
in regard to hand preference. 

2. Retarded readers and reading achievers 
do not differ significantly in regard to the in- 
cidence of change of handedness. 

3. Retarded readers and reading achievers 
do not differ significantly in regard to hand 
preference. 

4. Retarded readers and reading achievers 
do not differ significantly in regard to foot pref- 
erence. 

5. Retarded readers and reading achievers 
do not differ significantly in regard to eye pref- 
erence. 

6. Retarded readers and reading achievers 
do not differ significantly in regard to ear pref- 
erence. 

7. Retarded readers and reading achievers 
do not differ significantly in regard to combina- 
tions of hand and eye preference. 

8%. Retarded readers and reading achievers 
do not differ significantly in regard to the hands 
used more successfully in terms of speed or 
accuracy in mirror drawing. 

9. Retarded readers make significantly more 
reversals than reading achievers in reading low- 
er case letters. 

10. Retarded readers and reading achievers 
differ significantly in their performance on the 
Van Riper Test of ‘‘Central’’ Dominance at the 
critical angle of 360 degrees. At this angle, 
the retarded readers reverse more often with 
the right hand; the reading achievers, with the 
left. 


IMPLICATIONS FOR PRESENT PRACTICE 


This study appears to have certain implica- 
tions for teachers and clinicians who are work- 
ing in the field of reading. 


1. Handedness of parents need not be inter- 
preted as a factor closely related to reading 
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retardation. 

2. Change of handedness as a factor in de- 
velopmental history may warrant consideration 
in the diagnosis of reading disability cases. 
However, this study does not show sufficient 
evidence to establish the importance of this fac- 
tor. 
3. Hand preference, except as related to 
change of handedness, is not an important fac- 
tor in the diagnosis of reading disability cases. 

4. Foot preference is not an important factor 
in the diagnosis of reading disability cases. 

5. Eye preference is not an important factor 
in the diagnosis of reading disability cases. The 
weight of emphasis should be placed upon visual 
acuity findings at near point and at far point. 

6. Ear preference for listening is not an im- 
portant factor in the diagnosis of reading disa- 
bility cases. Emphasis should be placed upon 
auditory acuity findings. 

7. Combinations of eye and hand dominance 
are not important factors 1n the aiagnosis of 
reading disability cases. 

8. Mirror drawing may be useful as an index 
of emotional stability. However, as a test of 
hand preference, it does not contribute to the 
diagnosis of reading disability cases. 

9. While reversals serve to differentiate be- 
tween retarded readers and reading achievers, 
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they probably should not be interpreted in terms 
of ‘‘central’’ or peripheral dominance. 

10. The Van Riper Test of ‘‘Central’’ Domin- 
ance may be useful in clinical practice since it 
does distinguish between retarded readers and 
reading achievers. It would seem advisable to 
limit 1ts use to the 360 degree angle. Such lim- 
itation would be desirable from the standpoint 
of economy of time. To limit the use of the test 
to patterns of the auditory-kinaesthetic and 
visual-kinaesthetic types would give adequate 
data and would conserve the nervous energy of 
the subject. 


IMPLICATIONS FOR FURTHER STUDY 


1. More studies are needed to determine the 
relationships between change of handedness and 
written language facility. 

2. The elusive problem of the meaning of 
reversals at the 360 degree angle on the Van 
Riper Test needs further study. Also, further 
research could establish the type of pattern 
which serves best to differentiate between re- 
tarded readers and reading achievers when this 
test is used. The psychoneurological implica- 
tions of this finding are in need of careful an- 
alysis. 
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SUBSTANCE SYMBOLISM: 
A STUDY IN LANGUAGE PSYCHOLOGY 


GUSTAV KALDEGG* 
Highland University 
Las Vegas, New Mexico 


I. Material and Purpose of Investigation 





The present investigation is based on a set 
of school compositions covering Grades III to 
Vil. The material was obtained through the 
courtesy of the Friends Seminary, New York 
City. The test was arranged for the particular 
purpose and under uniform conditions: The pu- 
pils were asked to write about the subject ‘‘My 
Vacation’’ with a class period of 50 minutes 
allowed for the work. They were encouraged 
to develop their thoughts freely, specific in- 
structions by the teacher being avoided as far 
as possible. 

Owing to the small size of classes the set of 
compositions as a whole assumed a compara- 
tively limited extent. We had therefore to adopt 
a method of sampling that utilized the largest 
possible portion of the total material available. 
Hence, we consistently disregarded anything 
specific that might have appeared in the circum- 
stances of life or the psychological particular- 
ities of individual pupils, and centered our at- 
tention upon obtaining a statistical basis that 
would be broad enough for the purpose of the 
investigation. With an adequately large number 
of individual tests used, the probability was that 
the specific factors which possibly modified the 





material would balance themselves from grade 
to grade. A uniform quota of 2000 words per 
grade was established. This practically ex- 
hausted the aggregate contributions of grades 
Il andIV. These aggregates turned out to be 
the smallest in the series, resulting from the 
shortness of the individual essays. Those of 
the other grades exceeded the quota in varying 
measures, but it was of course not permissible 
to use the surplus appearing in each case for 
some special selection that could not be carried 
out to the same extent or not at all in classes 
with less material. Hence, for the sake of con- 
sistency, we abstained throughout from exam- 
ining essays as to any specific qualification. 
Compositions were taken at random out from 
each class, and grouped together to the point 
where the quota was filled. In order to arrive 
at the round number 2000, the word-count in 
each grade had to be concluded somewhere in 
the midst of the essay that had been taken up 
last. The exact fraction of this complementary 
copy used in each instance is of no relevance to 
the total calculation. The following survey, 
therefore, gives the sum of essays per grade 

in whole numbers, the partially used composition 
being included: 


STRUCTURE OF MATERIAL 





Total Number of Pu- 
pils and Compositions 


Total Extent 
of Material 


Average Length 
of Compositions 





15 
17 
11 

7 
10 
10 


2000 words 133 words 
’ La 118 wT 

ma 

286 =" 

200 

ial 200 w 


" " 


" " 














12000 words | Av. 171 words 














*Department of Modern Foreign languages. 





PF ice tomeetea 


332 JOURNAL OF EXPERIMENTAL EDUCATION 


While in sum total the girls definitely out- 
number the boys (40 to 30), there are wide var- 
iations in the distribution of sexes from grade 
to grade. Under the given circumstances, this 
distribution could have been made equal only 
by contracting the statistical material, and 
such a reductive selection did not seem indica- 
ted in any event. Another manner of approach, 
however, has been used to analyze the share of 
each sex in the whole developmental picture (cf. 
Tables VI-VIII). Yet it has turned out, as one 
could have expected considering the particular 
nature of the development, that sex difference 
does not play an essential part. 

All investigations on the process of learning 
one’s native tongue may be arranged in two 


chronological groups: those dealing with the 


initial phases of the process, and those con- 
cerned with its continuation and completion 
during the scholastic period and based princi- 
pally on written material. The first category 
of developmental inquiries has certainly con- 
tributed more than any related discipline to 
throw light upon the fundamental factors in the 
genesis of language, and has thus proved to be 
a valuable supplementation to linguistics, prop- 
erly speaking. The second category can hardly 
be said to have produced any similar results. 

It is limited on the whole to the external, quan- 
titative aspect of linguistic progress and accord- 
ingly directed toward demonstrating that, for 
instance, the average length of sentences, the 
complexity of the sentence structure or the 
average extent of the vocabulary increases 
from one age group to another. But it seldom 
touches upon the inner, qualitative changes 
such as the transformation of basically con- 
crete ideas by way of metaphorical transfer- 
ence, the advance from lower to higher levels 
of abstraction and the progressive conceptuali- 
zation of language. That this very course of 
development must play a decisive part in the 
secondary period with which we are dealing, 
would seem to be a foregone conclusion. It is 
scarcely known, on the other hand, as to its 
details. 

There is, however, a definite reason why 
these finer features of the process of linguistic 
growth usually escape psychological analysis. 
The difficult point evidently is that traditional 
grammar offers no criteria adequate to the 
purpose. For its divisions and categories, 
based in the main on a logical description of 
fully developed language, rather correspond to 
the structural features of the latter than to de- 
velopmental gradations. There remain only a 
few fundamental schemes which, by their very 
generality, also indicate some broad lines of 
development.’ Of such sort are the differentia- 
tion of sentence and word, the arrangement of 
the whole vocabulary according to parts of 
speech and a few other classifications accord- 
ing to verbal types. Elementary distinctions 
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of this kind if properly interpreted in terms of 
psychology would seem to form the whole gram- 
matical equipment needed to approach the es- 
sential things in the initial phases of language 
acquisition. They are, however, obviously in- 
adequate as a basis for measuring any further 
linguistic progress. Many investigators have 
felt indeed this lack of suitable developmental 
standards, and accordingly have pointed out 
that it would be desirable to emancipate one- 
self from the customary categories of gram- 
mar and establish special criteria correspond- 
ing to facts of language genesis. 

There arises, however, the question as to 
how one may turn aside from the well-prepared 
roads of grammatical tradition and yet not get 
lost in indefiniteness. If it is a matter of pre- 
senting a new angle of linguistic analysis for 
theoretical purposes, an explanation of general 
nature is usually sufficient. It does not seem 
possible, on the other hand, to define a novel 
criterium out of itself with such sharpness that 
the definition could be applied unhesitatingly to 
any context within given language material and 
thus would meet the specific requirements of 
developmental analysis. Assuming then that a 
principle of language genesis has been found it 
will still be necessary, in the interest of clear 
communication, somehow to fit that principle 
into static grammatical categories of general 
currency. In each instance, a combination of 
such categories will have to be used, and it 
needs must grow more extensive the more com- 
pletely the principle is to be expressed and 
covered. But then the danger arises that the 
definition of the developmental principle may 
become unduly diffused and intricate. It is ev- 
ident that this difficulty can be solved only by 
making such a compromise between the conflict- 
ing requirements of completeness and lucidity 
as will fit the individual case. 

The present study is concerned in particular 
with a certain group of abstract nouns, namely, 
those referring to measures of time. Its essen- 
tial objective is to ascertain, within this sem- 
antic area, different types of use and context 
representing different levels of development. 
Following the above indicated procedure, we 
shall have to establish first a principle of lang- 
uage genesis on a theoretical basis, and then 
translate it more or less completely into fam- 
iliar categories of practical grammar. 


Il. Abstracts of Time as Individual Words 





The semantic group under consideration con- 
sists in the main of nouns expressing measures 
or periods of time, as ‘‘hour’’, ‘‘day’’, ‘‘night’’, 
‘*month’’, *tyear’’, ‘‘summer’”’, ‘*interval’’, 
‘*yacation’’, etc. It furthermore comprehends 
a small number of words denoting position in 
time or points of time, i.e. such terms as ‘‘be- 
ginning’’, ‘‘end’’, and ‘‘middle’’ when they are 
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Tune 1950) 


associated with time relations in a given con- 
text. These types of nouns combining to form 
a homogeneous semantic group are being treat- 
ed as abstracts of time. 

Among the compound expressions entering 
into the present analysis there are some that 
involve one abstract of time each and otner in- 
volving several such terms (cf. e.g. ‘‘holiday’’, 
“gchool-day’’ as against ‘‘summer morning’’), 
the constituent parts are spelled solid in some 
instances and as separate words in others. For 
the sake of consistency, compounds of any of 
these kinds have been counted throughout as 
each one word. 

The relative distribution of abstracts of 
time on the various grade levels of our mater- 
ial is shown in Table I. 

The absolute number of time abstracts used 
varies only little and without any significant re- 
lation to the sequence of grade levels. Viewing 
the number of different words there would seem 
to be a slightly rising trend toward the end of 
the scale. The data were further condensed in 
groups as shown in Table II. 
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This negative result seems clear enough in 
its own way, and we can certainly save the 
trouble of ascertaining the proportion of ab- 
stracts of time to the total number of nouns or 
trying any other statistical variations. We will 
center our attention rather on the differences 
in conception and application that lie within the 
realm of nouns of time. They depend on certain 
basic features of linguistic symbolism. A dis- 
cussion of these general conditions will then be 
the immediate next step to take. 


UW. Definition of ‘‘Substance-Symbolism’’ 





The form of linguistic symbolism under con- 
sideration is intimately connected with the pe- 
culiar nature and function of abstract nouns. 
The traditional grammatical division contra- 
distinguishes this class of words from that of 
substance-names or concrete nouns. The sem- 
antic area of the abstract noun includes meas- 
ures of space and time, qualities, states, ac- 


TABLE I 


DISTRIBUTION OF ABSTRACTS OF TIME AS INDIVIDUAL WORDS 


























Total Number of Number of Different Total Extent 
Grade Abstracts of Time Words Used of Material 
mi 73 18 2000 words 
IV 712 20 " " 
Vv 64 16 " " 
VI 71 20 " " 
Vil 67 21 " " 
Vil 70 21 1" " 

TABLE 0 
CONDENSATION OF THE PRECEDING TABLE 

Total Number of Ab- | Number of Different 
Grade stracts of Time Used Words Used Total Extent 
I-IV 145 38 4000 words 
V-VI 135 36 " " 
Vu-Vill 137 42 " " 














The distribution of the absolute figures is as 
haphazard as before. The only progressive 
trend, if it can be called so, lies perhaps in the 
fact that the top group shows a higher number of 
different words used than either of the others. 
All in all, it may be stated that neither the ab- 
solute frequency nor the variety of expressions 
undergoes changes of developmental significance. 


tions, in brief, all possible aspects in which 
substances can be viewed. The term ‘‘attri- 
butes’’—being understood here in a very broad 
sense—is customarily used to subsume that 
whole variety of ideas. Grammatical theory 
further explains that it is the primary and typ- 
ical function of the noun to denote substances 
while attributes are primarily expressed by 













other verbal categories. | 

This broad logical schema, no matter to 
what extent it may be applicable to individual 
and particular facts, gives at any rate a clear 
account, I think, of the fundamental arrange- 
ments of words and ideas in language. It fol- 
lows from it that ideas that can be thought of 
as attributes centered around substances must 
find expression especially in those types of 
words which modify noun-concepts in establish- 
ed syntactical combinations. It is evident that 
such words, when understood in their proper 
meanings, can be joined only to substance- 
names but not to abstracts which themselves 
indicate attributes under the image and in the 
grammatical form of substance-concepts. When 
therefore an abstract noun combines with an ad- 
jective, a verb or a preposition, the latter term 
is found to shift to a metaphorical level, as in 
‘‘a long speech’’, ‘‘to solve a problem’’, ‘‘on 
this condition’’, and the like. Metaphorical 
transferences of the same character appear in 
certain combinations between each two attribute 
nouns (cf., e.g., ‘‘the length of the speech’’ 
or the ‘‘solution of the problem’’), and finally 
in those instances where a substance-name en- 
ters into an appropriate relation with an attri- 
bute-noun (‘‘the root of the evil’’, ‘‘a bulwark 
of freedom’’, etc. ). 

The metaphorical type that has just been out- 
lined is what we understand by substance-sym- 
bolism. It is essentially based on the fact that 
the various points of view from which concrete 
things or substances can be looked upon and 
qualified come to be adopted in analyzing ab- 
stract ideas. In the phrases given above, the 
figurative element becomes manifest at first 
sight, while in other such instances one may 
have to trace back lost basic meanings in order 
to re-establish the original metaphor. It seems 
obvious at any rate that the development of sub- 
stance-symbolism must play its definite part 
also in the linguistic growth of the individual. 
This development so far as it involves abstracts 
of time will be examined more closely in the 
following section. 



















































































































































































































































































IV. Two Developmental Types of Abstracts 
of Time 




















Verbal combinations that include abstracts 
of time practically always show an element of 
substance-symbolism. It is easy to see, for 
instance, that a transference of spatial rela- 
tions to time underlies such prepositional 
phrases as ‘‘in the morning’’, ‘‘at night’’, etc. 
Time furthermore appears to be provided with 
the attribute of countability when we speak of 
something having been done ‘‘within three days’’ 
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jor ‘‘on the third morning’’, and we ascribe to 
it, as it were, physical existence in such state- 
ments as ‘‘it was morning”’ or ‘‘it is night. ’’ 

In all these instances, however, the meta- 
phorical element is of such primitive and self- 
evident nature that we hardly become aware of 
it. But it assumes a somewhat different form 
in contexts like ‘‘The day passed’’ or ‘‘We 
spent the day in such and such a place’’ where 
time in the first place is likened to a person or 
thing moving forward, and in the second place 
conceived under the image of money spent. 
These similes are certainly of a more specific 
and more striking character than those in the 
first group of phrases. 

The two forms of substance-symbolism we 
have indicated will henceforth be referred to as 
substance-symbolism of low and of high degree 
respectively, and the abstracts of time involved 
shall be called by analogy low- and high- ee 
abstracts. The similes of the first category, 
associated with the most general attributes of 
physical things such as existence, countability 
or spatial extension, present themselves as be- 
ing indispensable in conceiving and operating, 
with, the idea of time. They eviaently are 
linguistic images of a universal character. The 
metaphors of the second kind. on the other hand, 
show variations even within the area of Euro- 
pean languages. Compare, e.g. the following 
translations of the word ‘‘spend’’ as in ‘‘spend 
time’’: French passer, i.e. properly ‘‘to go 
beyond’’, as in the adapted English phrase; 
Latin agere having the basic sense ‘‘to drive’’ 
(sc. cattle); Greek among other expressions 
tribein, properly ‘‘to rub’’, ‘‘wear out’’; Czech 
travati, properly ‘‘to digest’’ (food). Substance - 
symbolism of low and of high degree can then 
be considered in principle as two different 
types, one representing a more ancient, the 
other a more recent stage in the development 
of thinking and language. 

It will be necessary now to elaborate this 
broad and general distinction into greater ac- 
curacy and, according to the procedure de- 
scribed at the outset, to establish a definition 
whereby the theoretical principle of distinction 
will somehow be expressed in current terms of 
practical grammar. The list of exampuies that 
follow is to serve as a guide for our further dis- 
cussion. It is so arranged as to illustrate in 
two opposed groups the main types of contexts 
in which abstracts of time occur. The individ- 
ual sentences follow as colosely as possible or- 
iginal passages of our material. 

‘Tne series ot examples A and B may be con- 
trasted in several manners. The points of 
comparison are: the metaphorical force which 
the abstract of time develops within its proper 





verbal group, its logical role within each con- 









II, par. 28 ff., pars. 150, 165 ff. 


1. Cf. Henry Sweet, A New English Grammer, Logical and Historical (Oxford, England, 1892), Part 
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June 1950) 


A 


. I went out early in the morning (on that day, 
at night, etc.) 


. After two weeks in the country we returned 
home. 





. By the time we had gone there it started 
raining. 


. One day (every day, twice a month, a few 
days later, etc.) a concert was organized. 








. We could play tennis only seventeen days. 


. We saw a six weeks old puppy. 





. It was morning (evening, Monday, etc. ) 
when we left. 





. This was my first day in Pinetown. 





. After a two hours’ trip we took a good rest. 
. This was the event of the day. 
. We met there our friends of last year. 


textual whole, and its specific function within 
the external sentence structure. 

As we go over the individual sentences we 
find the noun of time to be governed now by a 
preposition (A 1-3), then by another noun (A 9- 
11), then again by an adjective (A 6), or to be 
in a direct relation with the verb of the sentence 
(A 4, 5, 7, 8, B 1-8); furthermore it is modi- 
fied by numerals, pronominal adjectives and 
similar expressions in most instances. Each 
of these verbal groups involves a more or less 
pronounced element of substance-symbolism. 

In the pertinent combinations of series A the 
underlying metaphor is of general and colorless 
nature, often barely perceivable, answering 
thus the description of substance-symbolism of 
low degree. The analogous combinations of 
series B are based on comparisons of time to 
a moving body or person (1, 2), to material 
possession (4, 5, 8) or on its quasi-identifica- 
tion with what is thought of as falling under a 
given period of time (3, 6, 7). These various 
kinds of specific similes would seem to come 
under the head of substance-symbolism of high 
degree. 

The suggested arrangement according to two 
degrees of metaphorical force continues being 
a merely relative and approximative one. This 
grouping, however, which in itself does not 








KALDEGG 


. The day came (passed, was nearing a close, 
etc. ) 


. When the two weeks were up we raturned 
home. 


. The summer was not like riding. 





. We spen: the day in the country, (spent it 
working, horseback-riding, etc. ) 


. We had only seventeen days of tennis. 
. They celebrated her birthday. 





. She was looking forward to the holiday. 


. We had great profit from our spare time. 





admit of any precise formulation happens to 
run largely parallel with other, sharper dis- 
tinctions within the particular domain of time- 
abstracts. 

As we compare the sentences in the two ser- 
ies with regard to each contextual whole we see 
ourselves confronted with two fundamentally 
different uses of abstracts of time. In the state- 
ments of the first series the critical noun re- 
tains throughout its basic logical function, 
namely, to denote a measure of time as applied 
to external events or states, it being irrelevant 
whether these in their turn find expression in 
the verb of the sentence, in a nomen actionis 
(9, 10), an adjective (6) or perhaps an added 
dependent clause (7) or are not specifically ex- 
pressed at all but only indicated elliptically 
(understand ‘‘the first day of my stay’’ or sim- 
ilar in 8, ‘‘our friends whom we had made last 
year’’ in 11). In the sentences of series B, on 
the other hand, periods of time are said to 
come, to pass, to be had, etc., are, in one 
word, presented like being themselves agents 
or goals of actions or centers of states, and 
thus the noun of time comes to convey some- 
thing beyond a logically subordinate idea of mea- 
sure. The grouping in question viewed from this 
particular angle assumes the shape of a definite 
dichotomy so that we may contra-distinguish 
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time-abstracts of low and of high degree in brief 
as follows: the former retain the basic logical 
function peculiar to nouns of this semantic area, 
while the latter appear in a secondary logical 
function. 2 

contrast between uses A and B which so 
far we have tried to clarify on theoretical 
grounds can be reduced in the end to something 
purely external and expressible in terms of 
practical grammar. This criterion lies in the 
varying syntactical role of the noun of time. 
Within the sentences of series A the noun of 
time performs one or the other of the following 
functions: 

It combines with a preposition to an adverb- 
ial modifier of time (1-3). It is in the accusa- 
tive of time (4, 5, 6). It forms the logical sub- 
ject of a sentence in which the grammatical sub- 
ject is expressed by the impersonal pronoun (7); 
it plays the part of predicate noun (8). It is 
constructed as a genitive dependent on another 
noun (9-11). 

In the sentences of series B it is used in 
turnas grammatical subject (1-3), direct ob- 
ject (4-6) and prepositional object (7-8). 4 

Thus the two types of time-concepts coin- 
cide in the main with two definite groups of 
syntactical constructions. This points out a 
direct way toward establishing a practical rule 
of distinction. We will henceforth regard as 
high degree abstracts such nouns of time as 
perform in the sentence one of the three func- 
tions mentioned under B. There is, on the 
other hand, no more need for our remember- 
ing specially the many functions characteriz- 
ing the low-degree abstracts of series A. Any 
nouns of time that do not fall under the defin- 
ition of high-degree abstracts can be assigned 
automatically to the opposed category. 

There remains to be mentioned only certain 
contextual possibilities that are not specifically 
included in the sample sentences. Our defin- 
ition of high-degree abstracts in terms of syn- 
tactical function is naturally meant to be inde- 
pendent of the particular character which the 
verbal expression may assume in a given sen- 
tence. It holds good, that is to say, irrespec- 
tive of whether the verb connected with the noun 
of time has finite form as it does in our sample 
sentences or, possibly, appears as verbum in- 
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finitum (‘‘We wanted to spend the day....’’, 
‘spending the day’’, etc.), whether this verb 
be predicate of a main or a subordinate clause 
in the individual instance. The definition also 
admits of direct application to phrases com- 
bining several nouns of time as, for instance, 
‘‘the beginning of the vacation’’ or ‘‘the last 
day of the month’’. The governing expression 
of each such group will have to be counted as 
high-degree abstract when it plays one of the 
critica: chree parts within the sentence-whole 
(‘The last day of the month came’’, ‘‘We spent 
the last day in N.’’, ‘‘She was looking forward 
to the last day of the month’’), while the depend- 
ent genitival expression at any rate falls outside 
the category under discussion. 

The case is somewhat different when it comes 
to combinations in which the noun of time is gov- 
erned by a quantifier as e.g., in ‘‘a part of the 
day’’ or ‘‘a number of days.’’ Verbal groups 
of this special kind must evidently be treated 
each as one unit if they are properly to be ar- 
ranged in terms of our syntactical criterion. 
When therefore any such group taken as a whole 
performs one of the critical functions within the 
sentence (‘‘A number of days had passed’’, ‘‘We 
spent a number of days in N.’’, etc.) the noun 
of time it contains will have to be included in 
the category of high-degree abstracts. Thus we 
have finally arrived at the point where the en- 
tire aiscussion un this category can be boiled 
down to a brief rule of thumb: 





A given noun of time is to be reckoned among 
high degree abstracts: 








l. When it appears as 
a. Grammatical Subject 
b. Direct Object 
c. Prepositional Object 


within the sentence. 


2. When it is used as a partitive genitive de- 
pendent on a quantifier, and if this group as 
a whole performs one of the three syntacti- 
cal functions specified above. 


Table III shows the distribution, as ascer- 
tained in our material, of high-degree abstracts. 





in most of the 


2. What we take to be the basic logical function coincides with the basic mean 
terms concerned alt » oD » the two may be entire erent from each other 


t 
(cf. for instance, the word "end"). The semantic structure of the individual word does not, 
however, affect the above dichotomy since any term used as abstract of time in a given context 
becomes assignable on this very ground to either of the logical types defined. 


3. Although adverbial modifiers and 
itation is very definite ers of time are involved. Syntactical elements of the 





interlap in certain cases their delim- 


latter category always answer questions that include the idea of time ("when?” "since when?" 
etc.), and this evidently does not apply to nouns of time in the role of prepositional ob- 
jects. An analogous difference in function separates the accusative of time ("how long?” 
"how o14?") from what is equal to it in form, namely, the direct object. In our syntactical 


terminology we follow George 0. Curme, A Grammar of the Englis 


1931). 





ge (New York, Boston, 
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The number of low-degree abstracts, which can 
be found by simply deducting in each instance the 
figures of the second column from those of the 
first, has no further significance for the devel- 
opmental analysis. 

Assuming that high-degree abstracts of time, 
taken as a special type, tend to gain ground 
within the developmental period considered, 
their increasing use has evidently to be meas- 
ured somehow in proportion to other expressions 
that refer to time. But the very numbers of 


their occurrences seem to reflect this rising 
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The relative frequency of high-degree ab- 
stracts can be seen from the last column: it in- 
creases regularly from the 3rd to the 7th grade 
level, with only a slight regression from the 
7th to the 8th. 

As we arrange our data in two-year groups 
the developmental picture assumes the shape as 
seen in Table IV. 

The relative frequency of high-degree ab- 
stracts shows a considerable increase from one 
group to the other, and the total progress 
amounts to nearly three times. 








TABLE Il 


DISTRIBUTION OF HIGH-DEGREE ABSTRACTS OF TIME 





Total Number of 
Abstracts of Time 


Number of High-Degree 
Abstracts of Time 


Relation 
in Percents 





73 
72 
64 
71 
67 
70 








6 : 8 
9 13 
11 17 
14 20 
20 30 
19 27 








TABLE IV 


CONDENSATION OF THE PRECEDING TABLE 





Total Number of 
Abstracts of Time 


Number of High-Degree 


Relation 


Abstracts of Time in Percents 





145 
135 
137 








15 
25 
39 


10 
19 
28 








trend, according to the above tabulation (middle 
column). This is, I think, accounted for by the 
accidental fact that the total number of time- 
abstracts used remains about the same through- 
out the various grade levels of our material. 
Hence, the greater or lower frequency of high- 
degree abstracts cannot be considered either as 
intrinsically symptomatic, and in expressing 

the developmental trend which we presume to 
inhere in this particular type it seems necessary 
as a matter of principle, to use a relative stand- 
ard of measurement. Such a standard is obtain- 
ed by establishing the proportion on each grade 
level between the total number of nouns of time 
and the number of those that fall under the cat- 
egory discussed. 4 





It should be remembered at this point that 
the grammatical thumb-rule which we have set 
up for the contextual type under discussion has 
come about by way of acompromise. The syn- 
tactical characteristics which, within the do- 
main of time-concepts, coincide with substance- 
symbolism of high degree have been utilized to 
translate more or less exactlv a general devel- 
opmental principle into current categories of 
grammar. The aptness of this methodical pro- 
cedure as well as the underlying principle it- 
self are now to be tested further. For this pur- 
pose we shall vary the thumb-rule in such a 
manner as to have it agree still more closely 
with the theoretical principle. 

The above definition is based exclusively on 





4. The correctness of this manner of claculation will be evidenced more directly in another con- 


nection (cf. p. 26c ff). 
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the position which the noun of time occupies in 
a given sentence-whole. But the distinction be- 
tween substance-symbolism of low degree and 
that of high degree may also appear in the at- 
tributive terms modifying the noun of time. 
Compare the following examples: 


A 


1. We stayed there two (a few, many, etc. ) 
days; we stayed there the whole day. 


2. It was on the same (first, next, etc.) day. 


3. At that time they used to wear this type of 
costume. 


The words that function as attributive mod- 
ifiers within series A denote basic character- 
istics of physico-spatial order such as number, 
quantity and sequence, while those of series B 
refer to specific qualities and states, and thus 
constitute as it were adjectives in the proper 
sense of the term. 

According to this difference in semantic 
character of the attributive modifiers, the el- 
ement of substance-symbolism too assumes 
different forms. The metaphors involved in the 
combinations between the time-abstracts and 
adjectival expressions of the first series evi- 
dently come under substance-symbolism of low 
degree. In the combinations of the second ser- 
ies, we find definite periods of time to be ident- 
ified with the associated events and experiences 
(B 1-2), time to be compared with an organism 
subject to change and a body in motion (B 3, 
phrases outside and inside the parenthesis re- 
spectively). We are then dealing here with 
metaphors of exactly the same type as in those 
contexts where the expression of time performs 
one of the critical three functions within the 
sentence, and in instances of both kinds this ex- 
pression is so used as to pass beyond its basic 
role of denoting a logically subordinate idea of 
measure. Accordingly, nouns of time modified 
by adjectives such as those in series B are to 
be considered an additional group of high-degree 
abstracts. 

There again a traditional arrangement of 
practical grammar presents itself as a basis 
for a more exact definition. I am referring to 
the division into descriptive and limiting adjec- 
tives which in Curmes’s Grammar of the Eng- 
lish Language is thus explained: 


Cia mien A descriptive adjective expres- 
ses either the kind or condition or state of 
the living being or lifeless thing spoken of: 
a good boy, a bright dog, a tall tree, a sick 
boy, a lame dog. The participles of verbs 
are all descriptive adjectives, since they 
indicate either an active or passive state: 








(Vol. xv 


running water, a dying soldier, a broken 
chair. 
A limiting adjective, without expressing 
any idea of kind or condition, limits the ap- 
plication of the idea expressed by the noun 
to one or more individuals of the class, or 





B 


1. We started out on a sunny (rainy, cool) 
morning. 


2. It was a pleasant (exciting) day. 





3. In the old time (in past times) they used to 
wear this type of costume. 


| 

to one or more parts of the whole, i.e. 
points out persons or things: .... this book 
....my house, each house, many books.... 
etc.’’ (Vol. I, Sec. 8, p. 42) 

The following sections (8-10, p. 43 sq.) 
present the usual groupings within the class 
of limiting adjectives: possessive adjectives, 
demonstrative, numeral, indefinite adjec- 
tives (some, many, a few, other, all, every, 
etc.), what, which as interrogative or ex- 
clamatory adjectives, and a few minor groups 
wnich are of no relevance for our purpose. 

All other adjectival terms fall under the 
class of descriptive adjectives which does 
not admit of any further sub-division. ’’ 








Thus the indicated adjectival types A and B 
basically agree with limiting and descriptive 
adjectives respectively. The latter classifica- 
ion being adopted, the additional group of high- 
degree abstracts we are considering can be 
readily delimited, and the definition presented 
below will then cover the entire category. 


A given noun of time is to be reckoned among 
high-degree abstracts: 








1. When it appears as 
a. Grammatical Subject 
b. Direct Object 
c. Prepositional Object 


within the sentence. 


2. When it is used as partitive genitive depend- 
ent on a quantifier, and if this group as a 
whole performs one of the three syntactical 
functions specified above. 


3. When it has a descriptive adjective as attrib- 
utive modifier. 


The relative distribution of high-degree 
abstracts according to this three-point rule is 
shown in Table V. 
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The sub-divisions of the second column be- 
fore the last refer respectively to: the occur- 
rences, which have already been listed in an 
earlier place, of high-degree abstracts accord- 
ing to sections 1 and 2 of the rule, the cases 
counted in addition on the basis of section 3, 
the total number of occurrences according to 
the expanded definition. 

High-degree abstracts of time in terms of 
the two-point rule occasionally are connected 
also with descriptive adjectives as, for instance, 
in ‘‘A new day dawned’’ or ‘‘We spent that beau- 
tiful day in N.’’ It naturally follows that the 
additional group is confined to those instances 
in which the descriptive adjective modifying a 
noun of time constitutes the exclusive criter- 
ion for arranging that noun under the category 
in question: ‘‘It was a beautiful day’’, ‘‘I went 
out on a sunny morning’’, etc. Accordingly, 
the occurrences under section 3 are only few. 
They are not, however, without having some 
effect on the statistical picture as a whole: The 
only irregularity that appeared with the appli- 
cation of the two-point definition, namely, the 
regress in the 8th grade is eliminated under 
the expanded rule, and the relative distribution 
of high-degree abstracts shows now a continued 
progressive trend. With 12% on the third and 
36% on the eighth grade level, the total increase 
amounts to more than two and a half. 

Thus the regularity of the developmental 
curve increases as the rule of thumb is brought 
into closer agreement with the theoretical prin- 
ciple. From a practical angle, however, the 
two-point rule certainly seems preferable since 
it merely presumes the identification of some 
elementary syntactic constructions, and yet ex- 
presses with sufficient distinctness the develop- 
mental trend investigated. 5 

The tabulations that follow show the develop- 
mental data arranged according to the sex of 
the pupils. For the purpose of this analysis, 
we have separated the whole sampling into com- 
positions by boys and compositions by girls. As 
we look over the preliminary survey relative to 
the structure of the material, we realize that the 
aggregate of each sex group per class is too 
small in most instances to afford a foundation 
for statistical comparison. In this part of the 
investigation, therefore, two-year periods have 
been used throughout as a basis. (See Table VI). 

As we combine the final results of Tables 
VI and VII, we arrive at the following summary 
in Table VIII. 

In some groups, the average score of the 
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slightly below or at the same level. The total 
average, however, would indicate a not negli- 
gible difference in favor of the boys. But this 
is based merely on the accident of numbers. 

It so happens that the essays of the boys are 
comparatively more numerous in the higher 
strata of the material as those of the girls are 
in the lower strata. No conclusive variations 
are then to be noted in connection with sex dif- 
ference, and as far as this investigation goes, 
one must assume that the development consid- 
ered takes an equal course with both sexes. 


The data in Tables VI-VIII also deserve at- 
tention from another point of view. They clear- 
ly bear out, I think, the correctness of the rel- 
ative measure that has been applied to that de- 
velopment in all instances. With the aggregate 
contributions of both sexes unseparated, the 
sum of all abstracts of time has proved about 
equal from grade to grade. Asa result, the 
number of high-degree abstracts rises toward 
the upper grade levels, and this very increase 
seems to express the developmental trend. 

But it is the relation in each case between the 
two values which alone affords a reliable stand- 
ard under varying contingencies. This in par- 
ticular becomes evident, I suppose, from the 
analysis of the material by sexes. In the boys’ 
compositions, the sum of abstracts of time 
raarkedly increases from one two-year period 
to the other, while it decreases correspondingly 
in those of the girls. It is the peculiar struc- 
ture of the material, again, which accounts for 
this opposition. As it can be easily figured 
from the preliminary survey, the aggregates of 
the boys grow larger from age-group to age- 
group and those of the girls become smaller. 
(Multiply the sums of essays per age-group and 
sex, with the approximative average length for 
each two-year period.) The result of that dis- 
tribution is that on the part of the boys, the 
number of high-degree abstracts increases ex- 
cessively from period to period (compare the 
corresponding values in Table IV), while on 
the part of the girls it changes but very slight- 
ly throughout the series. This abrupt contrast 
which evidently cannot reflect developmental 
facts gives place to a plausible parallelism as 
we regard the relation in each case of the two 
numbers. We arrive then at the above shown 
developmental line which runs about equally for 
the equivalent age-groups of both sexes, and 
this certainly brings into sharper view the pe- 
culiar psychological significance of that rela- 





boys is slightly above that of the girls, in others 


tion. 





5. In case someone should wish to repeat, by means of material of his own, the experiment that 


has been presented, let us specially note that 


go into the painstaking business of a word-count. 


it is not all necessary for this purpose to 
If we have sorted out an equal number of 


2000 words per grade, we have done only in order to gain the required basis for the negative 


demonstrations in Tables I and II. 


But any such calculation becomes superfluous in ascertain- 
ing the significant relations in terms of Tables III-V or VI-VIII. 
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TABLE V 


DISTRIBUTION OF HIGH-DEGREE ABSTRACTS OF TIME IN TERMS OF THE EX- 
PANDED DEFINITION 





Number of High-Degree 
Abstracts 





Total Number of Secs. Secs. Relation 
Abstracts of Time 1,2 3 in Percents 


73 6 11 
72 9 15 
64 11 19 
71 14 23 
67 20 34 
70 19 36 

















TABLE VI 


HIGH-DEGREE ABSTRACTS OF TIME IN TERMS OF THE TWO-POINT DEFIN- 
ITION AS THEY ARE DISTRIBUTED OVER THE COMPOSITIONS OF BOYS 
AND GIRLS 





Sum of all Ab- Number of High-Degree Relation 
Grade tracts of Time Abstracts of Time in Percents 


I-IV 37 4 11 
V-VI 53 11 21 
VII- VI 68 25 28 
Total 178 40 Total 22 
Average 











IlI-IV 11 
vV-VI 14 
VII-VIll 14 
Total 39 Total 

Average 
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TABLE Vi 


HIGH-DEGREE ABSTRACTS OF TIME IN TERMS OF THE THREE-POINT DEF- 
INITION AS DISTRIBUTED OVER THE COMPOSITIONS OF BOYS AND GIRLS 





Sum of all Ab- Number of High-Degree Relation 
tracts of Time Abstracts of Time in Percents 


37 5 13 
53 12 23 
88 30 34 


178 47 26 











14 13 
16 20 
18 37 
48 Total 
Average 




















TABLE VII 


COMBINED FINAL RESULTS OF THE TWO PRECEDING TABLES 





Relative Frequency of High-Degree Abstracts of Time 





According to Table VI According to Table VII 
Boys Girls Boys Girls 


11% 10% 13% 13% 
21% 174 23% 20% 
28% 29% 34% 37% 























22% 16% 26% 20% 
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V. Conclusions 


At the outset we have already indicated that 
an external, quantitative and an internal, qual- 
itative aspect of linguistic growth may be dis- 
tinguished, with accordingly two opposed cate- 
gories of criteria for linguistic maturity. This 
opposition takes on a precise form when viewed 
from the particular angle of progressing word 
knowledge. That the vocabulary range regular- 
ly increases with mental age is a well known 
fact that underlies various specific methods of 
intelligence-testing. They are concerned fund- 
amentally with the number of words mastered 
or the quantitative aspect of word knowledge, 
and therefore can take into account but one def- 
inite meaning or approximative semantic cross- 
section of the individual term. There is, on 
the other hand, the manner of using words or 
the qualitative aspect. It forms the basis for 
the standard of development which we have em- 
ployed in the analysis of our material, and any 
of the many criteria that could conceivably be 
established according to types of use and con- 
text would fall under the same category. 

The interrelation and the contrast between 
the two aspects of word knowledge becomes 
clear, I think, from the particular case investi- 
gated in the foregoing pages. Let us glance 
over the various sentences that have been cited 
above in illustrating high-degree abstracts of 
time. The verbal groups involving this type of 
time-concepts largely consist of words that 
prove to be quite current and elementary as to 
their basic uses. The phrase ‘‘to have a good 
time’’ may serve as an example. If a quantita- 
tive word test were made among children of the 
range of mental ages under consideration, this 
could only result in showing that the terms 
‘thave’’, ‘*good’’ and ‘‘time’’ as used in ‘‘have 
an apple’’, ‘‘a good boy’’ and ‘‘what time is it?’’ 
respectively, are definitely familiar even to the 
youngest of the group. The particular combin- 
ation, however, which is formed by the same 
three words embodies a time-abstract of high 
degree according to section 1b of our rule and 
thus represents a conceptual type that develops 
intensely throughout the whole range of mental 
ages. This qualitative progress in the manner 
of using words and the quantitative increase in 
vocabulary range involve then two standards of 
linguistic maturity which, in principle, may be 
considered as mutually independent. The con- 
trast between the two manners of measurement 
stands out all the more sharply when we look up- 
on it in the light of the fact that abstracts of time 
taken as individual words or quantitatively fail 
to show any progressive trend at all within the 
critical period. 

It remains to be examined, however, whether 
the process of learning a language actually takes 
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in several directions so that different linguistic 
criteria could bring out different features of an 
individual’s mental set-up. There are at any 
rate, facts of common experience indicating 
that that process is of a complex rather than 
simple-linear character. Thus it can be seen 
from daily teaching experience that the faculty 
of acquiring a language involves a number of 
more specific abilities. Any such component 
factor as, e.g., auditory comprehension might 
show, with a given individual, a conspicuously 
strong or weak development in proportion to the 
other factors. As regards the two aspects of 
language command with which we are dealing in 
the present connection, they manifest them- 
selves as psychological realities on a higher 
level of achievement quite particularly. Thus 
among leading writers, we find some using an 
overwhelmingly large vocabulary as against 
others who obviously utilize the semantic poten- 
tialities of the individual term still more in- 
tensely than the former do, since with a less 
extensive stock of words, they yet attain the 
same degree of clarity and adequacy. The quan- 
titative aspect appears then at its maximum in 
the first instance, while the qualitative one 
proves to be relatively stronger in the second. 
It can be reasonably assumed that already with 
growing linguistic maturity, those two opposite 
aspects are more or less sharply differentiated, 
and closer investigations might result in show- 
ing that an even development of quantitative and 
qualitative word knowledge and the special prev- 
alence of either factor give each some definite 
indication as to an individual’s psychological 
disposition. 

A foremost source of new developmental cri- 
teria presents itself in the genesis of linguistic 
symbolism. Basically concrete ideas are being 
transferred into the mental realm and undergo- 
ing metaphorical sublimation in a continuous 
process that permeates the history of language 
as well as individual linguistic development and 
conspicuously denotes the progress of thinking. 
It is evident that this evolution also must imply 
some element of regularity so that definite meta- 
phorical types correspond to definite genetic 
phases. When it comes to treating these things 
systematically the individual development is 
likely to offer leads that are hard to find in the 
multitude of historical details and accidents. 
Psychological investigations which, on the basis 
of adequate criteria, trace the growth in lingu- 
istic ability with the school child should then be 
expected to throw additional light also on certain 
problems of linguistics. The preceding study 
has been limited to analyzing that development 
from one specific angle. It will, however, have 
fulfilled its purpose if it has given some illustra- 
tion of the wide possibilities that are still open. 


EFFECT OF THE ORGANIZATION OF 
LEARNING EXPERIENCES UPON THE OR- 
GANIZATION OF LEARNING OUTCOMES : 

Il. STUDY OF THE PROBLEM BY 
MEANS OF FACTOR ANALYSIS 


EDWARD J. FURST 
University of Michigan 
Ann Arbor, Michigan 


INTRODUCTION 


This is the second of two articles dealing 
with the relationship between a particular pat- 
tern of learning experiences and the organiza- 
tion of selected outcomes of general education. 
The first article presented fairly detailed in- 
formation on the background and procedure of 
the investigation (2). Some of this information 
is high-lighted below. 

Coefficients of intercorrela tion among 
twenty-seven achievement measures and two 
aptitude measures were obtained on two groups 
of students for performance at the beginning of 
the eleventh grade and again at the end of the 
twelfth. It had been possible to match the two 
groups on scholastic aptitude, but not on initial 
achievement or on initial pattern of test inter- 
correlations. One group of 63 students had 
pursued a program of studies in a conventional 
high school curriculum, while another group 
of 60 students had completed the first two years 
of the four-year College program at the Univer- 
sity of Chicago. 

Methods appropriate to the respective pro- 
grams of general education were utilized to o0- 
tain information on the nature of the learning 
experiences afforded students. Independent 
judgments were made of the extent to which 
particular courses or combinations thereof had 
contributed to intellectual growth toward each 
of the objectives measured. Three degrees of 
emphasis were established, corresponding to 
the inferred extent of preparation for accom- 
plishing the test exercises on each objective: 
‘‘marked, ’’ ‘‘some,’’ and ‘‘little.’’ The two 
programs were then compared with reference 
to these relative degrees of emphasis and to 
certain other broad features such as instruc- 
tional materials and evaluation procedures. 

Analysis of data was confined in the first 
article to a study of changes in coefficients of 
correlation for three groupings of tests: sub- 
ject field, mental process, and relative degree 
of emphasis of objective. The hypothesis that 
emphasized objectives will tend to become in- 
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terrelated as outcomes of learning were sup- 
ported only by restricted aspects of the data. 
There was good evidence that learning in both 
groups had become compartmentalized along 
subject-matter lines. 

A more economical approach to the study of 
such interrelationships is provided by the meth- 
od of factor analysis. Through the use of this 
method it is possible to describe the statistical 
organization of these various abilities, skills, 
and knowledges as it existed before and after 
the two years of education covered. It is then 
possible to note whether or not differentiated 
learning experiences during such a period of 
instruction were manifested in changes in the 
pattern of organization itself. This article will 
deal with the factor analysis of the basic data. 


STUDY OF THE PROBLEM BY MEANS 
OF FACTOR ANALYSIS 


Hypotheses tested 





Two hypotheses will be tested in this part of 
the study. The first of these is the following: 


Hypothesis I. The general factor will make 
a relatively greater contribution to the total 
variance in the final factor patterns for both 
the College and high school groups than in the 
initial factor patterns, but the total contribu- 
tion in the final pattern will be greater for the 
College group than for the high school group. 

The justification for this hypothesis has al- 
ready been given in the previous article. There 
it was pointed out that the respective courses 
of study seemed to differ greatly in the extent 
to which they provided opportunities for the de- 
velopment of interrelationship among various 
outcomes. 

In the case of the College program, on the 
one hand, the conditions for fostering interre- 
lationship were twofold. First, the marked 
emphasis of most of the objectives at least pro- 
vided for correlation of objectives within cour- 
ses in the same subject field. Secondly, many 
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of these objectives were common to several of 
the subject fields, so that there was consider- 
able opportunity for related skills to be concur- 
rently developed in the several fields. Typical 
of such skills, of course, are the interpretation 
of data in various forms, the application of prin- 
ciples in new situations, reading and analysis 

of original documents, and the evaluation of 
evidence for hypotheses or propositions. 

In the case of the high school program, on 
the other hand, the conditions for fostering in- 
terrelationship were much more restrictive. 
Explicit emphasis was not given to many of the 
skills and abilities in the social studies, natural 
sciences, and mathematics. Not only was there 
little emphasis of such objectives within the sub- 
ject fields but also there was little evidence of 
concerted effort to emphasize similar objec- 
tives throughout several subject fields. The 
organization of the curriculum into relatively 
discrete courses seemed to suggest further that 
the presentation of student learning experiences 
in subject-matter compartments would itself 
lead to the compartmentalization of learning. 
With compartmentalization, of course, learning 
outcomes are not likely to be greatly interrela- 
ted between different subject fields. 

In short, the nature of the learning exper- 
iences in the College program seemed to point 
in the direction of a considerable increase in 
interrelationship among the various outcomes 
appraised, while those in the high school pro- 
gram seemed to point to only a small increase 
in interrelationships. 

The second hypothesis test is the following: 


Hypothesis I. The group factors in the final 
factor pattern for both the College and the high 
school groups will differ from those in the in- 
itial pattern in the direction of greater scope, 
and they will differ in their composition in the 
respective final patterns. 

It is suggested here that two kinds of group 
factors would emerge from a factor analysis of 
the final test intercorrelations for the College 
group: (1) content factors paralleling the sev- 
eral subject fields, and (2) ‘‘functional’’ factors 
paralleling those major outcomes which cut 
across subject-field boundaries and appear to 
be relatively homogeneous with respect to the 
thought process most involved. The first set 
of factors would thus include a Language Arts 
factor, a Humanities factor, a Social Sciences 
factor, a Physical Sciences factor, and a Math- 
ematics factor; the second set, a verbal com- 
prehension factor, an induction or interpreta- 
tion of data factor, a deduction or logical 
reasoning factor, and a quantitative thinking 
factor. Further, each of the subject-field fac- 
tors would include all of the variables or tests 
within the subject field, with the exception of 
those tests of non-emphasized objectives in the 
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of factors in addition to the general factor would 
mean that many of the tests in the battery would 
be multi-factor, that is, of complexity greater 
than two. 

It is also suggested that only one set of fac- 
tors would emerge from a factor analysis of 
the final test intercorrelations for the high 
school group: an English or Language Arts fac- 
tor, a Social Studies factor, a Physical Sci- 
ences factor, and a Mathematics-Quantitative 
factor. These are substantially subject-field 
factors and, in view of the compartmentaliza- 
tion of instruction and learning in the high 
school program, their emergence would be 
surprising. It was not expected that all of the 
tests within a field would cluster together; 
most of the tests of non-emphasized objectives 
would be expected to have a very high specific- 
ity and to have very little in common with the 
remaining tests either in the same subject 
field or in different subject fields. In other 
words, the scope of such content factors would 
be restricted largely to the tests of objectives 
which had received at least ‘‘some’’ emphasis 
in instruction. 


General comments on the method of analysis 





The bi-factor method as outlined by Holzinger 
was used in the present factor analysis (3:111- 
154). According to the bi-factor plan a theo- 
retical frame of reference is set up in which a 
general factor is assumed to run through all n 
variables, specific factors in each of the n var- 
iables, and in addition certain group factors, 
each including at least two of the n variables. 

A given variable may occur in more than one 
of the groups; such an occurrence is known as 
an ‘‘overlap. ’’ 

The data of the present study lent themselves 
quite well to analysis by the bi-factor method. 
For one thing, the tables of intercorrelations 
were generally positive throughout; the few neg- 
ative correlations that did occur were not sig- 
nificantly different from zero and could be 
treated as due to chance fluctuations. Although 
there were indications of ‘‘overlapping’’ group 
factors (3:102), the correlation analysis sug- 
gested the possibility of subject-field factors 
but not of ‘‘functional’’ factors cutting across 
the several fields. Thus it seemed that few of 
the tests would have a complexity greater than 
two and that therefore the analyses would be 
simplified and economical of time and effort. 
Since reliabilities had not been determined 
for each of the tests in the four situations, the 
uniqueness, or that portion of the total test var- 
iance which is not attributable to communality, 
was not divided into specificity and unreliability. 
It was not felt essential for purposes of the 
Study to spend time and labor to get such infor- 
mation: The main concern here was with the 





biological sciences. The existence of two sets 





communality, or the contributions of the com- 
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mon factors to the total test variance, inasmuch 
as the study dealt in large part with interrela- 
tionships among the various tests of educational 
objectives. 

Each of the pattern plans finally retained 
represents an attempt to get a best fit to the 
data. It is possible that minor changes in 
grouping, account of slight overlaps, and the 
recognition of additional ‘‘doublets’’ would have 
produced slightly better fits to the observed 
correlations than did the patterns finally chosen. 
In any case, adequacy of fit was indicated by 
conventional tests of completeness of factori- 
zation. 


The general factor and communality in each 
situation 





The first hypothesis was tested in two ways: 
(1) by noting changes in the contributions of the 
general, group, and unique factors to the total 
test variance from initial to final testing; and 
(2) by studying the relationship between the rel- 
ative degree of emphasis of various objectives 
and changes in the communality of their corres- 
ponding tests from initial to final situation. 

It can be noted from Table I that the propor- 
tions of the general, group, and unique factors 
were quite similar on both testings of the Col- 
lege group. The slight increase in communality 
did not seem to support the stated hypothesis 
inasmuch as most of the measured objectives 
had been given considerable emphasis in the 
program of courses. 

In the high school group, on the other hand, 
the proportions of these factors showed some 
shifts from initial to final testing. Communal- 


FURST 





345 


sity increased, the increase being divided fair- 
ly evenly between the general and group factors. 
Since this increase was expected, the data are 
in agreement with the hypothesis. 

A more crucial question, of course, is 
whether there would be a hierarchy of changes 
in communality varying directly with the de- 
gree of emphasis of the measured objective— 
‘‘little,’’ ‘‘some,’’ and ‘‘marked.’’ The appro- 
priate data for the College group did not permit 
a decisive test of the hypothesis because twenty 
of the twenty-seven educational objectives ap- 
praised had received a ‘‘marked’’ degree of 
emphasis, only three, ‘‘some,’’ and only four, 
‘‘little’’ emphasis. No clear trend was evident 
in the changes in communality for tests of 
‘«marked’’ objectives, nine of the tests show- 
ing an increase and eleven a decrease in com- 
munality. There was a similar lack of associ- 
ation between degree of emphasis and change 
in communality for the other two categories of 
emphasis. 

Parallel data for the high school group do 
not bear out well the hypothesis. Thus, three 
of five tests of objectives receiving a ‘‘marked’’ 
emphasis showed an increase in communality, 
but six out of nine tests of objectives receiving 
‘‘some’’ emphasis showed an increase and 
seven out of eight tests of objectives receiving 
‘little’? emphasis showed an increase. ! 

Before proceeding with the second hypoth- 
esis, it may be well to consider the nature of 
the general factor in each situation. A tenta- 
tive answer may be obtained by reviewing the 
general factor coefficients. Since within either 
group these coefficients were similar from in- 
itial to final situation, only the final coeffic- 


TABLE I 


PERCENTAGE CONTRIBUTIONS OF GENERAL, GROUP, AND 
UNIQUE FACTORS TO TOTAL TEST VARIANCE 








College Group 


High School Group 





Factor Initial 


Final 


Initial Final 





General 31.9 


Group 20.6 


Unique 47.5 


32.6 
19.3 


48.1 


25.5 30.2 


13.6 19.9 





Total 100. 








100. 














. Teste 15, 18, 19, 5 and 6 were omitted from consideration here. The first three 


included in the factor analysis of initial intercorrelations, while the last 
included in the factor analysis of final intercorrelations. Each of these te 


two 
ste 


tremely low relationships with other achievement teste in the battery. 
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ients will be reviewed. 

Turning first to the final pattern of the Col- 
lege group, one may note the tests with the 
highest coefficients: 


Understanding of the meaning of 


words (1) . 790 
Reading and analysis—social 

issues (8) . 753 
Reading and analysis—natural 

sciences (21) . 731 
Knowledge of structure and 

language of mathematics (24) . 713 
Judging relations—contemporary 

society (14) . 705 
L-score, A.C. E. Psychological 

Examination (29) . 704 


Tests 11, 16, and 26 also had high coefficients. 2 
Hence measures of reading and verbal abilities 
were prominent. The presence of a mathemat- 
ics test in this group need not conflict with the 
interpretation of this factor as a verbal factor; 
the test involved mathematical concepts and 
symbolism. Further insights into the nature 

of this factor may be gained by noting some of 
the tests with the lowest loadings: 


Knowledge about painting and 


architecture (6) . 332 
Q-score, A.C. E. Psychological 

Examination (28) . 363 
Analyzing sentences in gram- 

matical terms (2) . 379 
Detecting errors in sentence 

structure (4) . 416 
Application of knowledge — 

social sciences (15) . 444 
Judging validity of evidence— 

physical sciences (19) . 463 


It seems, therefore, that the general factor in 
this situation was strongly saturated with read- 
ing and verbal abilities, although it was not 
simply scholastic aptitude. There was a rather 
close similarity of this factor to that in the in- 
itial situation. 

The general factor in the final high school 
pattern, in contrast to the foregoing, reflected 
important aspects related to school achieve- 
ment. This is seen clearly in the group of 
tests having the highest coefficients: 


Reading and analysis—natural 


sciences (21) . 741 
Judging relations—American 

history (13) . 721 
Knowledge of facts in the bio- 

logical sciences (22) . 685 
Judging validity of evidence— 

social issues (16) . 657 
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Relating knowledge of American 

history to social issues (9) . 655 
Summarization of trends—con- 
tempo 

temporary society (12) . 646 
Summarization of trends— 

American history (11) . 638 
Graphical interpretation— 

physical phenomena (27) . 629 
Knowledge of structure and lang- 

uage of mathematics (24) . 618 
Knowledge of facts in American 

history (10) . 607 


Many social science tests appear in the above 
list, as do several measures of knowledge in 
different subject fields. Conspicuously absent 
are measures of scholastic aptitude. The lat- 
ter appear in the following group of tests with 
low general-factor coefficients: 


L-score, A.C. E. Psychol- 


ogical Examination (29) . 280 
Q-score, A.C.E. Psychol- 

ogical Examination (28) . 301 
Application of knowledge— 

social sciences (15) . 320 
Analyzing sentences in grammatical 

terms (2) . 377 
Knowledge of facts about the phys- 

ical sciences (17) . 385 


In view of the prominence of this factor in var- 
ious aspects of academic achievement, it 
seems to be in the nature of a general achieve- 
ment or studiousness factor. Although there 
were many shifts in this pattern from initial to 
final testing, the general factor in either situ- 
ation seemed to be primarily a reflection of 
those influences associated with specific as- 
pects of achievement in school subjects rather 
than with scholastic aptitude as such. 


The group factors in each situation 





The second hypothesis was tested by compar- 
ing the group factors in the initial and final pat- 
terns. 


(1) Verbal or language factors. It is appar- 
ent from the data in Table II that the composi- 
tion of the verbal or language factor in each 
sample did not change materially from initial 
to final testing. With one exception in each sit- 
uation, the cluster of variables is the same. 

For the College group, the coefficients in 
the initial and final situations did not differ 
greatly in magnitude, and the contribution of 
the clusters to the percentage of total test var- 
iance was also similar. According to the em- 
phasis of language objectives in the College pro- 








2. Summrization of trends - American history, Judging validity of evidence - social issues, 
Understanding of the fundamentals of verbal logic, respectively. 
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TABLE Il 


COEFFICIENTS OF VERBAL OR LANGUAGE FACTOR FOR EACH GROUP ON INITIAL AND 
FINAL TESTS* 























Initial Final 
College High School | College High School 
Group Group Group Group 
vent Verbal Verbal 
Test Compre- Language Compre- Language 
No. hension Arts hension Arts 
Understanding of the meaning 
of words 1 259 512 400 288 
Analyzing sentences in gram- 
matical terms 2 237 637 
Organizing notes into logical 
order 3 241 318 
Detecting errors in sentence 
structure 4 ess 394 209 648 
Analysis of poetry 7 571 444 
Reading and analysis—social 
issues b 247 247 122¢ 567¢ 
Judging validity of evidence— 
social issues 16 3512 269 247¢ 442° 
L-score, A.C.E. Psychol- 
ogical Examination 29 321 322b 433 496 
Percent of total vari- 
ance due to this factor 2.34 3. 00 2. 66 8. 26 

















*In this table and in subsequent tables the decimal point for coefficients 
has been omitted. 


4Overlap with Contemporary Affairs factor 
boverlap with Verbal-Humanities factor 


Overlap with Social Sciences factor 
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TABLE Il 
COEFFICIENTS OF SOCIAL SCIENCES FACTORS(S) FOR EACH GROUP ON INITIAL AND 
FINAL TESTS 
Initial Final 
College High School College High School 
Group Group Group Group 
Contem- 
porary 
Test Affairs; 
Ameri- +s Social Social 
Test can Sci- Sci- 
No. History* ences ences 
Reading and analysis—social 
issues 8 iat war 265? 634> 
Relating knowledge of Amer- 
ican history to social issues 9 286 nae 593 401 
Knowledge of facts in Amer- 
ican history 10 744 a 505 321 
Summarization of trends— 
American history 11 227 vr 238 326 
Summarization of trends— 
contemporary society 12 365 ale 377 242 
Judging relations—American 
history 13 233 niet 290 394 
Judging relations—contem- 
porary society 14 692 eT 382 250 
Application of knowledge— 
social sciences 15 
Judging validity of evidence— 
social issues 16 255 ae 257 303 
= | 
Percent of total vari- 
ance due to this factor 4.89 state 4. 04 4.23 

















**A social sciences factor did not emerge in this situation. 


4The two social science factors named are here treated as one. Factor 
II, Contemporary Affairs, includes tests 12, 13, 14, and 16. Factor II, 
American History, includes tests 9, 10, and 11. 


brhese tests showed an overlap with Factor I: Verbal Comprehension or 


Language Arts, as the case may be. 
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TABLE IV 


COEFFICIENTS OF SCIENCE FACTORS FOR EACH GROUP ON INITIAL AND FINAL TESTS 




















Initial Final 
College High School College High School 
Group Group Group Group 
vost Physical Physical 
Sciences- Sciences- 
Test Natural Mathe- Natural Mathe- 
No. Sciences matics Sciences matics 
Knowledge of facts about 
the physical sciences 17 497 437 675 610 
Application of principles— 
physical sciences 18 685 580 468 
Judging validity of evidence 
—physical sciences 19 617 472 
Interpretation of data— 
physical sciences 20 477* 330 475 228 
Reading and analysis— 
natural sciences 21 281 505 363 367 
Knowledge of facts in the 
biological sciences 22 317 
Application of facts—bio- 
logical sciences 23 367 
Knowledge of structure and 
language of mathematics 24 485 695 
Ability to make elementary 
mathematical manipulations 25 675 611 
Understanding of verbal logic 26 
Graphical interpretation— 
physical phenomena 27 487 443* 411 
Q-score, A.C. E. Psychol- 
ogical Examination 28 363 460 
Percent of total vari- 
ance due to this factor 5. 30 6.21 5.795 7. 46 

















*This test overlaps with a separate Mathematics-Quantitative Thinking 


factor. 
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gram, and by hypothesis, one would have ex- 
pected this factor to broaden and include the 
other language objectives as well. Instead, 
three objectives did not cluster with this group 
nor with any other group factor in the final re- 
sults; their test variance was largely accounted 
for by specificity. Because of the absence of 


several of the English tests from the cluster and 


because of the predominance of several tests 
emphasizing verbal relations, understanding 

of word meaning, and skills in reading compre- 
hension, this factor was named ‘‘Verbal Com- 
prehension. ”’ 

For the high school group, the coefficients 
of these tests with the language factor all 
showed an increase in magnitude from the in- 
itial to the final situation, and the percentage 
contribution to the total test variance increas- 
ed accordingly. This increase in interrelation 
occurred despite the fact that only one of the 
corresponding objectives had been given a 
‘*marked’’ degree of emphasis in the program, 
namely, vocabulary. The nature of the tests 
in this cluster and their coefficients suggested 
that the underlying factor was not simply one 
of verbal comprehension; other language skills 
played an important part. Hence this factor 
was named ‘‘Language Arts.’’ It stands in con- 
trast to the more restricted ‘‘Verbal Compre- 
hension’’ factor which emerged in the College 
group. 

In summary, hypothesis II seemed to be 
borne out by the results for the high school 
group, in which a broad, well-defined language 
arts factor emerged as expected. This hypoth- 
esis, however, was not supported by the re- 
sults for the College group, in which a narrow 
and relatively unimportant verbal comprehen- 
sion factor persisted with little change from 
the initial testing. No explanation is forth- 
coming for the failure of a broader and more 
pronounced language factor to emerge in this 
latter group. Indeed, the emphasis upon lang- 
uage skills in the whole College curriculum 
would seem to have favored the development 
of interrelation among them. 

(2) Social sciences factors. Table III shows 
the coefficients for these factors. 

Although two separate social science factors 
emerged in the initial pattern of the College 
group, one such factor appeared in the final 
pattern. In neither situation, however, did the 
cluster of tests make a particularly large con- 
tribution to the total test variance. In view of 
the emphasis given to these objectives in the 
related courses, one would have expected the 
corresponding tests to make a much greater 
contribution to variance than they actually did. 

A factor very similar to that of the College 
group emerged in the high school group in the 
final situation. As with the former group, the 
coefficients of most of the variables in the 
cluster were low and hence their combined con- 
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tribution to the total test variance was also low. 
In any case, the emergence of this factor was 
apparently the result of instruction toward 
several of the social science objectives during 
the preceding academic year. 

In summary, hypothesis II seemed to be 
borne out by the results for the high school 
group in that a social science factor emerged. 
This factor was not an important one, however, 
in terms of its over-all contributions to total 
test variance. This hypothesis was not support- 
ed by the results for the College group, in 
which much the same factors appear in the in- 
itial and final situations. Moreover, the com- 
position of the factor and its loadings were 
Similar to those in the high school group on the 
final tests, although the pattern of emphases in 
the social sciences courses of the respective 
programs were quite different. 

(3) Science factors. Table IV shows the co- 
efficients for these factors. 

It is evident from the data in the table that 
the composition of the respective science fac- 
tors did not change much from the initial to 
final situation. Generally the same variables 
present in the initial cluster were also present 
in the final cluster. Whereas a factor named 
‘*‘Natural Sciences’’ emerged in both situations 
for the College group, one named ‘‘ Physical 
Sciences-Mathematics’’ emerged in both situa- 
tions for the high school group. 

Hence a more restricted factor appeared in 
the College group, although one would have ex- 
pected a ‘‘Physical Sciences-Mathematics’’ 
factor to emerge just as it did in the high school 
results, inasmuch as the related objectives had 
generally received a ‘‘marked’’ degree of em- 
phasis in the College program. What happened, 
as will be shown, is that a separate ‘‘Mathemat- 
ics-Quantitative Thinking’’ factor appeared. 

(4) Mathematics factors. Table V shows the 
coefficients of mathematics factors. It is to be 
noted that the data for the ‘‘ Physical Sciences- 
Mathematics ’’ factor of the high school group 
have been repeated here because a separate 
mathematics-quantitative thinking factor did 
rot emerge in this group. 

This factor reflected the emphases of the 
various mathematics objectives in the College 
program, for tests o1 verbal logic (26) and 
graphical interpretation (27) now appear in the 
final cluster along with tests of other mathe- 
matics objectives. 

Emphases appear to be similarly reflected 
in the high school group. Thus, tests of objec- 
tives which had received only ‘‘little’’ or 
‘‘some’’ emphasis either did not appear in the 
final cluster or, if they did, had coefficients 
of lesser magnitude than tests of objectives 
which had received ‘‘marked’’ emphasis. 

In short, this second hypothesis was not 
well borne out by the data on the College group. 
It was expected that two sets of group factors 





June 1950 


COEFFI 





Knowle 
physic 
Applica 
physi 
Judging 
—— 
Interpr 
physi 
Readin 
natur 


Knowle 
lang 
Ability 
math 
Under 
Graph 
phys 
Q-sco 
ogic: 









vl 


Ww. 





June 1950) 


COEFFICIENTS OF MATHEMATICS FACTOR FOR EACH GROUP ON INITIAL AND FINAL TESTS 


TABLE V 




















Initial Final 
College High School College High School 
Group Group Group Group 
ae Physical@ Physical@ 
Mathema- Sciences- Mathema- Sciences- 
Test tics-Quan- Mathe- tics-Quan- Mathe- 
No. titative matics titative matics 
Knowledge of facts about the 
physical sciences 17 437 610 
Application of principles— 
physical sciences 18 468 
Judging validity of evidence 
—physical sciences 19 
Interpretation of data— 
physical sciences 20 408> 330 228 
Reading and analysis— 
natural sciences 21 905 367 
Knowledge of structure and 
language of mathematics 24 476 485 443 695 
Ability to make elementary 
mathematical manipulations 25 782 675 777 611 
Understanding of verbal logic 26 425 
Graphical interpretation— 
physical phenomena 27 487 397 411 
Q-score, A.C.E. Psychol- 
ogical Examination 28 558 363 368 460 
Percent of total vari- 
ance due to this factor 4.54 6.21 4.39 7. 46 

















*Repeated from Table IV. A separate mathematics-quantitative factor did 
not emerge in this situation. 


Poverlaps with the Natural Sciences factor in this situation. 
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would emerge: one set based upon community 
of content and another upon community of men- 
tal process. Instead, a single set of factors 
emerged largely compartmentalized by subject 
field. The composition of these factors, more- 
over, was rather stable over the two-year per- 
iod covered. This hypothesis, however, seem- 
ed to be fairly well borne out by the data on the 
high school group. It was expected that well- 
defined subject-field factors would emerge, 

and they did. These factors tended to be more 
inclusive than was expected, however. 


Implications for education 





A major implication of these findings is that 
students in both groups tended to organize their 
learning on a subject-matter basis in much the 
same form of organization as that in which the 
learning experiences were presented to them. 
There was little evidence of a tendency to do 
equally well in similar types, of exercises in 
different Subject fields. Such consistency from 
field to field was not indicated by the data. A 
Student’s success in the achievement of an ob- 
jective in one field had little relationship with 
his achievement of a similar objective in an- 
other field. 


Various influences which may operate to lim- 


it the extent of organization have already been 
noted in the first article, but two of these will 
be mentioned again. The very specialization of 


content or subject matter operates as a limiting 
condition upon the development of interrelation. 
The student has to have a certain mastery of 
content to be able to carry on complex thinking 


with that content. The student also constitutes 
a set of limiting conditions. A particular pat- 
tern of aptitudes, interests, and study methods 
contributes to a certain degree of unevenness 
of development in any one individual. This un- 
evenness of development seems to occur even 
though the individual has grown considerably 
in all of the desired directions. It accounts in 
part for the lack of complete consistency of 
performance from one outcome to another. 
Practically, these findings suggest that de- 
liberate steps must be taken to provide for or- 
ganization of learning if such is desired as an 
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important outcome of education. If higher in- 
terrelationship between outcomes in different 
subject fields is desired, learning experiences 
in different fields must be selected, organized, 
and presented in such a way as to take advant- 
age of the similarities of subject matter and 
course objectives. 


SUMMARY 


This is the second of two articles dealing 
with the relationship between a particular pat- 
tern of curricular experiences and the organi- 
zation of selected outcomes of general educa- 
tion. 

Coefficients of intercorrelation among twen- 
ty-seven achievement tests and two aptitude 
tests were obtained early in the eleventh grade 
and again at the close of the twelfth on two 
groups of students. One group had pursued a 
program of studies in a conventional high 
school curriculum, while the other had com- 
pleted the first two years of the four-year Col- 
lege program at the University of Chicago. 

The correlation matrices representing the 
four possible situations of the study were anal- 
yzed by the bi-factor method. Two hypotheses 
were tested. The findings and their implica- 
tions for education were discussed. 
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